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SECTION 1
SUMMARY

The Lunar Ejecta and Meteorites Experiment (LEAM) was deployed on the
moon on 12 December 1972. The objectives of the experiment were to meesure
the long-term variations in cosmic dust influx rates and the extent and nature
of the lur.ar ejecta. While analyzing these characteristics in the data, it
was discovered that a majority of the events could not be associated with hyper-
velocity particle impacts of thz type usually identified with cosmic dust, but
could only be correlated with the lunar surface and local sun angle.

The possibility that charged particles could be incident on the sensors
led the Principal Investigator (PI) to request that an analysis of the elec-
tronics be performed to determine if such signals could cause the large pulse
height analysis (PHA) signals. These signals indicate the energy of the hyper-
velocity partié]es in the normal mode of operction.

A qualitative analysis of the PHA circuit showed that an alternative mode
of operation existed if the input signal were composed of pulses with pulse
durations very long compared to the durations for which it was designed, by a
factor of at least 40 to 1. This alternative mode would give large PHA outputs
even though the actual input amplitudes were small. This revelation led to the
examination of the sensor and its response to charged particles to determine

the type of signals that could be expected.
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A qualitative review of the sensor and application of basic electro-
static theory indicated that very slow particles, below the normal experiment
operating range, could produce pulses of the time duration required to excite
the PHA circuit's anomalous response.

A grossly simplified model of the sensor was developed on a computer to
determine the range of particle characteristics to which the sensor would
respond. This range was then compared with known or expected values for lunar
dust particles and practical expectations for charge to mass ratios.

At the same time, the electronics was analyzed using a standard IBM
analysis program, SCEPTRE.

The results of the sensor modeling and circuit analysis showed con-
clusively that charged particles moving at velocities below 1 kilometer per
second would produce PHA responses of the type observed in the lunar data and
in addition could cause double accumulator counts, another of the unusual
events.

This finding was of such importance to the understanding of lunar sur-
face dust transport that it was decided to continue the analysis to obtain
more accurate data on particle mass, charge, and velocity. A theoretical
calibration of the experiment response to charged particles was required to
enable a complete analysis of the lunar data to be performed. In addition,

a practical measurement of the response using the experiment qualification
model was to be attempted to corroborate the analysis. A complete physical

calibration was impractical.
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The analysis was continued on two fronts. A simplified model of the
electronics was developed because the SCEPTRE simulation was cumbersome and
costly to use. In parallel with this, a refined model of the sensor was
developed to remove the limitations of the simple model and provide greater
accuracy.

The sensor film, collector grid, and suppressor grid were divided into
7,360 elements for computational purposes. Using basic electrostatic prin-
ciples, the charge distributions on each plane were calculated for both the
applied potentials and the charged particie. The 7,360 simultaneous equations
that result from the mutual interactions between elements were solved iter-
atively. The program used a large area of computer memory and was slow to
converge to a result. No complete results were obtained from this model
because efforts were made to speed up the convergence and overall running
time to save future costs.

Two other programs, which apply the sensor model results to the elec-
tronics and then analyze the results, were prepared and checked on simulated
data. Program descriptions are given in the Appendix.

The conclusion from the analysis to date is that the LEAM experiment
data contain significant information relative to mechanisms operating at the
lunar surface. To fully understand and appreciate these mechanisms, the
Tunar events recorded by LEAM must be transposed into parameters of particle
mass, velocity, and charge and their respective variations in space and time.
To accomplish this, a calibration of the LEAM in response to charged particles

must be completed.
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This report recommends that the analysis be continued, in conjunction
with work being performed by the Principal Investigator, to provide a com-
prehensive picture of the dust environment at the lunar surface. The results
would be, in addition to characterization of the particles, that unique events
would be characterized, allowing segmentation of the measurement range, and
event types would be correlated with lunar cycles and temporal effects. Hypo-
theses on dust formation and transport would be refined and opportunities
would be developed for understanding several unexplained phenomena observed
on the lunar surface by astronauts and other experimenters.

A meeting was conducted on 20 July 1976 by the LEAM Principal Investi-
gator with Dr. W. Quaide and M.J. Smith of NASA Headquarters to discuss the
present LEAM program status and the importance of continuing both the analysis
of the experiment response to charged particles and the lunar data analysis.

A summary of the LEAM study status and the proposed tasks for extended

study of the charged particle phenomenon is included herein as Appendix B.
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SECTION 2
INTRODUCTION

The study of the LEAM experiment's response to charged particles was
initiated at the fequest of the Principal Investigator, when it was observ.d
that data over a 2-year period showed an incidence of signals with outputs
of 6 and 7 PHA counts, far greater than anticipated from data obtained on
previous space flights. Particles of this energy would normally penetrate
the front film and provide signals at the rear film, but this was not ob-
served. There were numerous events which recorded impacts on two film strips
or collector grid strips, or which recorded two accumulator counts for one
event. These events could not be explained by the normal experiment response
to hypervelocity particles. The average event rate of less than 10 particles
per 3-hour period gave an extremely low probability of two particles being
incident on the sensor at precisely the same time. The inhibit circuit, which
was employed to prevent crosstalk between adjacent sensor elements, prevents
noncoincident events from being recorded in the same time frame. This gquar-
antees that PHA and accumulator data can be identified with the correct event.
The majority of the events occurred around sunrise and sunset, but thermally
induced signals were ruled out because the onset of the data occurred up to
60 hours before sunrise, when the experiment was thermally stable. Normal
operation of the experiment was verified by the internal calibration signals,

which were generated automatically every 15.5 hours.

2-1



BSR 4234

The preliminary analysis was discussed in detail in a Bendix report,
ASTIR/TM66, prepared 1 August 1975. The electronics analysis using SCEPTRE
showed that for long input pulses to the PHA peak detector the diode in the
forward path continued to conduct and maintain the input to the threshold
detector. This, in turn, allowed the PHA counter to continue incrementing.
In addition, if the pulse length and amplitude were above certain levels, a
condition arose which caused double counting of the film accumulator. The
accumulator increments whenever the PHA threshold detector is triggered.
Double triggering was caused by the combination of pulse length, amplitude,
and the circuit time constants. The circuit was designed for pulses of 2
microseconds maximum length, while the pulses giving the effects discussed
above were over 80 microseconds in length.

To determine the type of signal to be expected from the sensor in res-
ponse to charged particles, a very simple model of the sensor was developed
which treated the sensor planes as solid conducting sheets rather than 95%
transparent grids. The model permitted an increased understanding of the
electrostatic principles involved and allowed determination, within an order
of magnitude, of the ranges of particle parameters to which the sensor would
respo: .

The simple sensor results showed that the electrostatic forces involved
were significant for particles of masses and charges in a range which could
reasonably be expected to be present on the moon. Also, if the velocities
were below 1 kilometer per second (km/sec), signal pulse lengths and amplitudes
could be obtained from the film which would cause the PHA circuit to give the

observed large values and double accumulator counting.
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Thus, the simple sensor and SCEPTRE analysis showed that LEAM could
respond to slowly moving charged particles and give data outputs similar to
those observed on the moon. The simple model could not give accurate values
for the mass and charge ranges measurable by the experiment because of its
gross simplification of the electric fields. Also, it did not include any
modeling of the film strips adjacent to the one being considered, which meant
that multiple events and inhibits were ignored and PHA signal levels were
generalily too small.

To alleviate the limitations of the simple sensor and to provide an
electronic model which would provide cost-effective results, a refined sen-
sor model and a simple electronics model were developed. The refined sensor
model included a true representation of the grid structures and the inter-

actions between elements.
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SECTION 3
METHOD OF ANALYSIS

3.1 REVIEW OF LEAM OPERATION
3.1.1 Sensor Operation

The sensor (Figure 3-1) normally operates upon impact of a particle
that causes ionization of film material at the impact site. This ionization
is collected at the film and collector grid. The negative potential of the
film attracts the positive ions while the positive potential of the collector
grid attracts the electrons. These actions cause small current flows in the
film and collecter grid circuits, which result in a positive voltage pulse to
the film amplifier and a negative voltage pulse to the collector grid ampli-
fier. The film and collector grid areas are divided into 1-inch strips, which
allow for identification of the impact site.

A second film and grid assembly is situated behind the first and sep-
arated from it by 5 centimeters. The operation of this rear assembiy is
similar to that of the front assembly. An analysis of impact locations on
the two films provides an indication of the direction of travel of the particle,
while the time taken to traverse the intervening front and rear film space

provides a measure of particle velocity.

3.1.2 Electrorics Operation
The typical dual sensor logic is divided into two sections, the first
rauk or measurement section, and the rear rank, or buffer section. The meas-

urement section includes identification pulse storage latches, accumulators,
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PHA conversion counters, and TOF conversion counter. The rear rank is a
parallel-in, serial-out shift register, which shifts data, upon demand, to
the ALSEP central station in predetermined telemetry frames. The shift
register is only cleared when ncw data are to be transferred into it and
after the old data have been transmitted to ALSEP at Teast once. The new
data are transferred from the front rank storage latches to the shift regis-
ter, provided that the current frame is not one in which daca are to be
transferred to ALSEP. If the old data have been transferred to ALSEP once,
the new data are retained in the front rank storage latches, thus allowing
data from two events to be retained. rurther hits in rapid succession wouli
be evidenced by accumulator counts only. The time interval during which
rapidly occurring events, which exceed the storage capability, would be lost
varies between 2 millisaconds and 3 seconds, depending upon the position of
the telemetry sequence in ALSEP. Data have not been observed which approach
this event freguency.

The pertinent circuits for this analysis are those associated with
the front film as shown in Figure 3-2, which shows the alements of one typical
film channel. These are the circuits which were previously referred to as
the front rank or measurement section. There are two distinct signal channels
beyond the film amplifier: (1) the film strip identification channel, or film ID,
and (2) the pulse height analysis, or PHA channel. Each is discussed separ-

ately.
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3.1.2.1 Film Strip ID Channel

The common film amplifier provides the -3-volt film bias and a non-
inverting gain of 3. The output is applied to the first amplifier of the ID
channel, the PHA amplifier, and the analog inhibit inputs of the three other
film channels.

The ID amplifier provides an inverting gain of 5.25 at its novmal
input and a gain of 0.49 at each of three noninverting inputs, which receive
analog inhibit signals from the other film amplifiers. These inhibits cause
the output of the ID amplifier to remain at or above 0 Vdc if one of more of
the other films receive a coincident signal which is approximately 10 times
greater than that on film 1. If film 1 has a signal equal to or greater than
the other films, an output is applied to the threshold detector. The thres-
hold detector is designed to apply a logic "1" to the following NAND gate if
the input signal at the film amplifier exceeds 1 millivolt (mV). The NAND
gate sets the following latch circuit, provided that the ID inhibit signal
from the central electronics is also at logic "1", indicating that no other
front film latch is set. The latch circuit provides the signal to the output,
via a buffer, to indicate which film strip has been impacted.

When the ID latch is set, all the ID signals are inhibited for the
four front {ilm strips, which has the effect of negating crosstalk and makes
the ID channels for the front film unresponsive until the measurement cycle

for this hit is completed.
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The OR function of all the film and collector latches and the micro-
phone sample one-shot signal starts a measurement cycle. If a collector latch
only is set during the 1-millisecond (m;ec) measurement period, a normal se-
quence occurs, except that the data transfers and clear are inhibited while
the clear latch signal is generated. Thus, a collector signal alone will not
be presented in the data output nor will existing data be changed.

When the system start occurs, a 1-millisecond gate signal is gen-
erated which has three functions:

1. Provide an enable to the front and rear PHA counters.

2. Provide a synthetic rear film signa. .o complete the time of

flight sequence if the normal signal does not occur within 1
millisecond.

3. Prevent a premature measurement completion signal.

The film count accumulator measures PHA signal threshoid crossings,
providing that a film ID latch is set. Th2 ID latches are inhibited for any
further hits during a measurement cycle, but the accumulator circuit may give
evidence of later hits. If a second hit occurs within the PHA pulse of the
first, the PHA is augmented, but no direct evidence of the second hit survives.
If the second hit is delayed sufficiently to create an independent PHA pulse,
but 1ies still within the l-msec measurement gate, it will cause further PHA
counting and one additional increment to the film accumulator. If it occurs
more than 1 msec after the first hit, but before transfer of data into the

shift register, it will cause an increment of the accumulator only.
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3.1.2.2 Film Signal Pulse Height Analysis

The signals from the four film amplifiers are summed by the PHA
anplifier which, together with the film amplifier, gives a gain of -10 from
film strip to PHA amplifier output. This output is passed to the Peak Detec-
te~ circuit, which is a high-gain amplifier with a closed-loop gain of +1.0
f. ~ negative signals. The detector charges the capacitor C to the peak of the
input signal. When the input signal is removed, the diode in the forward path
prevents discharge of the capacitor C back through the amplifier.

When transistor X is on, capacitor C discharges with a time con-
stant that is designed to give a 240-microsec decay time. The voltage across
the capacitor is sensed by the PHA threshold detector, which is a high-gain
operational amplifier. When the voltage across capacitor C is more negative
than -10 mV, the detector output is clamped at -0.6 V, the "0" level for the
logic inver..r of the following stage. When the voltage is more positive than
-10 mV, a logic "1" (+2.5 V) is presented to the inverter input.

When the voltage oﬁ capacitor C is below threshold, the logic gates
hold transistor TX on, which causes capacitor C to be in a short time con-
stant mode. "™en threshold is achieved, transistor TX is turned off via the
logic u~*i. the next 25-kHz clock pulse sets the flip-flop. When the flip-
flon is set, transistor TX turns on (allowing capacitor C to discharge), the
*dA counter is enabled, and the accumulator is incremented. When the capa-
citor discharoes to below threshold level, the threshold detector causes the

flip-flor to be reset and the PHA counter to be disabled. The length of the
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pulse from the flip-flop, and thus the length of time the PHA counter is en-
abled, is proportional to the peak of the input pulse. Thus, the count re-
corded by the PHA counter is a measure of the pulse height.

The synchronization of the capacitor discharge with the 25-kHz

clock reduces the quantizing error.

3.2  ANALYSIS OF PULSE HEIGHT ANALYSIS (PHA) CIRCUIT

The description of operation given in Section 3.1 applies to the type of
particle for which the experiment was designed. That is, a noncharged, hyper-
velocity particle which would cause a pulse input to the electronics with the

following characteristics:

Amplitude 1 to 200 mV peak

Rise Time 400 nanoseconds (nsec)
Fall Time 1,000 nsec

Width 600 nsec

The experiment was tested and qualified for this type of input under all con-
ditions of lunar eavironment, and thus shown to meet the design i1equirements.
When considering the effects of charged particles upon the sensor, it
was realized that, for slow particles, current pulses of much greater length
than 2 microsec could be obtained. (The sensor dynamics are discussed in
later sections.) The PHA circuit was then analyzed for the effects of long

input pulses.
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A qualitative review of the peak detector circuit shows that, for a
short pulse, the capacitor C is charged to the peak of the input signal and
the decay time of the charge on the capacitor is proportional to this peak
value. The time constant in this mode is approximately 45 microsec, which
was chosen tc give the maximum count of 7 in 240 microsec. (The PHA output
indicates at least 1 whenever a threshold is achieved.) When a long pulse
occurs, the diode in the forward path is held in a conducting state, even
while cgpacitor C is being discharged in what is normally called the short
time constant mode. The effect of the conducting diode is that the signal
is maintained at the amplifier output. The result at capacitor C is to
effectively increase the time constant by 200 times, thereby maintaining the
signal above threshold for a much longer time. The longest pulse which will
not change the PHA value is theoretically 80 microsec, but the value depends
upon the time relationship between the start of the pulse and the 25-kHz c¢lock
and could be less than 80 microsec.

In addition to the extended count for long pulses, a condition arises
that causes double accumulator counts. If a pulse of sufficient amplitude
and length occurs, the falling edge of the pulse causes the input to the peak
detector to go hard positive, shutting off the diode. The capacitor C now
discharges normally. The time constants ahead of the peak detector are such
that its input returns to a negative value, which causes the diode to conduct
again. If the capacitor C had previously discharged below threshold and the
signal is large enough (negative) to exceed threshold again, an extra accum-

ulator count is made and renewed PHA counting occurs.
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The above analysis indicates that negative pulses can also give PHA
thresholds.

The qualitative analysis was followed by a detailed quantitative anal-
ysis of the electronics and by laboratory tests on the experiment prototype.

3.2.1 Circuit Analysis

The circuit analysis was performed on the typical film channel of
Figure 3-2 (from the film input to the input of the PHA threshold detector).
The emphasis was placed on the peak detector portion of the film ctinnel since
this is the circuit which gives rise to extended counting and multiple accum-
ulator counts. The remainder of the circuitry was simulated by passive net-
works and fixed gain terms.

A detailed simulation was performed using the SCEPTRE* computer pro-
gram to give a thorough understanding of the circuit operation under all con-
ditions. This knowledge was then used to develop a simple model of the cir-
cuits because the SCEPTRE program used an excessive amount of computer time
for this component configuration. This long run time would make the task very
expensive for the multiple computations we planned over the ranges of mass.

charge, and velocity applicable to the probiem.

3.2.1.1 SCEPTRE Simulation

The simulation program, SCEPTRE, was developed by IBM for the Air
Force Weapons Laboratory at Kirtland Air Force Base, New Mexico. The pro-
gram calculates initial conditions, and transient and steady-state responses

for large networks.

*Bowers, J.C. and Sedore, S.R., "SCEPTRE: A Computer Program for Circuit and
System Analysis," Prentice-Hall, Inc. 1971.
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The film and PHA amplifiers were simulated by a simple gain term
and the transistor TX was assumed to be in the fully conducting state, i.e.,
ON; thus, the flip-flop and logic control of transistor TX were not simulated.
The linear transistors were simulated in the nonlinear regions with the best
data available. The peak detector circuit is shown in Figure 3-3.

A typical output from a run is shown in Figure 3-4. The output is
the voltage across capacitor C, shown as positive because of the sign conven-
tion used in the simulation. The output is observed to return negative at
700 microsec, but on this occasion the amplitude was insufficient to cause
further PHA or accumulator counting.

A summary of the data obtained from several simulations is shown
in Table 3-1. A1l runs were made fo. 1-msec duration, which is the measure-
ment sample time. The times quoted are the length of time the output pulse
remained above 9 mV, which i, the threshold level at the following detector
circuit. The data show that PHA levels of 7 can be achieved with inputs of
30 mV and the multiple pulses do occur.

The simulation program provides information on all the intermediate
points within the circuit. This information was used to identify critical
components and, thus, enable us to devise a simple model of the circuits.

Computations were made on identical data inputs, using both SCEPTRE

and the simple model to verify the latter's validity.
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Input
Amp1itude

50-microsec Pulse

50 mv
100
150

100-microsec Pulse
50 mV
100

150

200-microsec Pulse
50 mV
300-microsec Pulse

10 mV
20
30

40

50

BSR 4234

Table 3-1

SCEPTRE Program Results

Output Pulse

Length (microsec)

Comments

184
211
234

213
243

260

248

189.9
219.6
235.0

245.6

254.03

3-14

No subsequent pulses - A1l nowmal

No subsequent pulse

Returned above 9 mV at 730 microsec
until 890 microsec

Returncd above 9 mV at 670 microsec
until 1.01 msec

Returned above 9 mV at 720 microsec

Returned above 9 mV at = 780
microsec

Returned above 9 mV at =760
microsec

Returned above 9 mY at 2 746
microsec

A11 longer than normal
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3.2.1.2 Simplified Peak Detector Model

Analyzing the data from the SCEPTRE program identified the impor-
tance of the various components within the peak detector, thus allowing us
to eliminate many of them without affecting the veracity of the result.

The obvious simplifications are to neglect the transﬁstor i~ +ernal
capacitances as they are small and the associated time constants h )
effect on the result. Next, the coupling capacitors in the forward ano reed-
back paths are found to have no effect on the length of time the output re-
mains above threshold or on the cause of the double accumulator counts.

When the input signal is negative, the circuit behaves as a simple
amplifier with a gain of 1. When the signal is positive-going, the diode
ceases to conduct, allowing capacitor C to discharge. Once the diode ceases
to conduct, the feedback loop opens and a large back bias is applied due to
the high open loop gain. The diode will not conduct again until a forward
bias is applied from the combined effects of the capacitor discharge and
input level. In the simplified model, Figure 3-5, the diode is replaced by
a switch, which opens whenever the input increases positively faster than the
rate at which the voltage across R12 increases. The rate of rise of the
voltage across R12 is calculated for the switch-open conditions. (The switch
closes when a forward bias is achieved.)

The input to the peak detector is an emitter follower with a paral-
lel capacitor across its load. The effect of the capacitor is to restrict
the rate at which the emitter can rise towards th.: +5-volt supply line. Con-

sequently, the input transistor cuts off if this input signal rises positively
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faster than the emitter load can follow. The emitter follower Just described
is replaced by a switch whose condition depends upon the direction and rate of
change of the input signal.

The loading of the enitfer follower upon the coupling circuit be-
tween the PHA amplifier and the peak detector is small, so the coupling cir-
cuit is t' -ated as an independent element. The signal source VS2 for the
peak detector is then the output of the coupling circuit. Siiilarly, the film
amplifier loading of the coupling circuit between itself and the fiim is sng]],
allowing these components to be treated independently. The signal source VS1
is -10 times the voltage across resistor R32 because the film and PHA ampli-
fiers, together, give an inverting gain of 10.

The simple model, Figure 3-5, is thus comprised of a unity gain
amplifier, two voitage sources, two switches, and 12 passive components. The
mcdel has four possible operating conditions:

. Switches A and B closed.
Switch A opén, switch B closed.
Switch A closed, switch B open.

S, W NN e

Switches A and B open.

The input signal from the film is divided into many elemental ramp
functions with known initial value, slope, and time duration. The response
of the model to such a ramp is calculated (for all four conditions) using
Laplace transform techniques. The correct response to be applied for any
particular ramp element is deternined by first deducing the state of switches

A and B at the end of the time interval. For sxample, if the switches are
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initially closed and a particular ramp input would cause switch B to be open
at the end of this time interval, the true signal values at the various points
in the model are calculated using the condition 3 equations. The time incre-
ments are chosen to be small enough that the errors incurred due to opening
switch B slightly early are negligible.

A further complication of the model is that, for large signals, one
or all of the film, PHA, or peak detector amplifiers can saturate. This con-
dition is accounted for using the ramp technique, where the relevant amplifier

output is treated as a ramp with zero slope.

3.2.1.3 Complete Film Channel Model

The remainder of the film channel of Figure 3-2 was modeled to
simulate the correct LEAM response to the sensor signals.

The film and collector grid ID model accounts for the analog inhibit
signals from the three sensor elements, at either the film or collector grid,
respectively, which are not impacted by the particle. A charged particle,
unlike an uncharged meteorite particle, can induce signals in adjacent sensor
elements. This affects the charge/velocity characteristics of the particle
required to achieve threshold, because the inhibit signal from one element
effectively reduces the signal from an adjacent element. In addition, the
timing of the element IDs relative to one another and between films and
collector grids is modeled. The inhibit signals prevent multiple film IDs
unless they occur within approximately 0.2 microsec of one another. This

limitation also applies to the collector grids. When a film or collector
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grid 1D is received, the system starts a measurement sequence with the setting
of a bracket one-shot which lasts for 1 msec. If a collector signal starts
the sequence, a film ID must be received within this l-msec period or no data
transfer takes nlace. A film ID alone can cause the system to operate through
its full measurement sequence.

When a film ID is indicated, the four film signals are summed and
applied to the peak detector model. The output is recorded for PHA count and
accumulator count. The accumulator counts PHA threshold cressings. The PHA
count is limited to 7 in the LEAM, but in the model it is allowed to reach its
full value of 26 if a Tong enough pulse occurs. This is done to obtain more

information about the response.

3.2.2 Laboratory Tests

Measurements were made using the Prototype LEAM Experiment, the experi-
ment test set, a variable pulse width generator, and a storage oscilloscope.
The LEAM center support structure was removed from the outer housing and ther-
mal bag, and the east sensor was removed from the center support structure.
This dismantling was required to allow access to the microphone board upon
which the PHA circuitry resides. The sensor circuitry was now without shield-
ing, which meant that it was very susceptible to noise, making other than
qualitative measurements difficult.

Pulse inputs were injected via the test set calibration adapter box,
with the input pulse amplitude being measured directly on the film input test

point.
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Measurements were made on the A film channels 1 and 2, which gave

jdentical results as follows:

Input Output
Pulse
Width Pulse
(micro- Amplitude
seconds) (millivolts)
2 4.5 PHA of 1 registered on test set lamps.
6.5 PHA of 2 registered on test set lamps.

28 At capacitor C: -250 mV peak pulse; rise
time 1 microsec; fall time
to -10 mV, 120 microsec.

At flip-flop output: 4.5-volt logic pulse
120-microsec width.
100 30 First noticeable change at flip-flop output.
300 30 Output at flip-flop; logic pulse greater than
200-microsec width, starting at threshold
crossing. Second pulse at 950 microsec from
threshold, greater than 20-microsec width.
Occassional multiple pulses occurred around
950 microsec from threshold.
2 -100 PHA threshold.
- 28 PHA threshold.
50 - 5 PHA threshold.
200 -1.5 PHA threshold.

In summary, the laboratory tests showed that long pulses give large
PHA counts with the actual value depending upon pulse amplitude and duration.
Multiple pulses can occur, which add to the PHA count if they occur during
the 1-msec sample period, and increment the film hit accumulator, giving the
appearance of multiple film hits. These tests also confirmed that negative

pulses at the film input can give PHA and accumulator outputs.
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3.3 REFINED SENSOR MODEL

A previous report, ASTIR/TM66, detailed the analysis which led to a
simple model of the sensor. This simple model verified that the sensor can
give valid responses to charged particies with certain mass, charge, and
velocity characteristics. The model has several limitations which made it
difficuit or, in some cases, impossible to accurately pred’:t the response
to certain particle types, and also gave undetermined inaccuracies in the

results.

3.3.1 Simple Model and Its Limitations

The simple model was based on an analysis that considered the grids
and film to be infinite plane conducting sheets. This was modified at the
grids by applying a simple cosine function to the forces on the particle to
allow the force to go to zero in the grid planes.

The Timitations of the simple model were:

1. Solid electrodes were used instead of grids with 95% transpar-
ency. Thus, the grid signals and forces due to induced charges
were overestimated.

2. There was no interaction accounted for between the suppressor/
collector space and the film/collector space. Thus, the film
could not see the particle until it passed the collector grid.

3. Induced charges were calculated by assuming the 1-inch by 4-

inch strips were circles of equivalent area.
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Only one film strip and collector grid strip #ere considered,
whereas a particle will induce charges in all film strips and
collector grid strips. This prevents considerations of multiple
element events at the film or collector grids and gives inaccurate
values for particle characteristics which can cause PHA thres-
holds.

The analysis only considered particle positions between the sup-
pressor grid and film, with no account being taken of the forces
on the particle outside the sensor. Thus, all calculations
assume a particle emerging from the suppressor grid, on the

film side, with a certain velocity. The true sensor measurement
range is not calculated, as the suppressor, due to its potential,
will accelerate positive particles and decelerate negative parti-

cles, while the image forces accelerate all particles.

To overcome the limitations of the simple model and thus obtain a more

complete and accurate result, a different approach was utilized to refine the

model.

3.3.2 Refinad Model

The sensor is composed of three parallel planes, termed the film, col-

lector grid, and suppressor grid. The film and collector grid planes are each

divided into four 1-~in. by 4-in. strips and each strip is composed of four 1-in.

by 1-in. squares. Thus, each plane has 16 1-in. by 1-in. segments.

pressor grid is formed by one plane divided into a similar set of 16 segments.

One of the 1-in. by 1-in. square sections is shown in Figure 3-6.
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The problem resolves itself into two areas, namely the charges induced
in the sensor and the potential at the particle. The change in the induced
charge as the particle position changes gives a measure of the current into the
sensor electronics, while the difference in potential between successive parti-
cle positions gives a measure of the work done by the particle and, hence,
enables calculation of the velocity profile along the path.

The charges on the sensor elements arise from two sources, the charges
due to the applied potentials and the charges due to the particle. Both distri-
butions are require .o determine the potential at the particle, while only the
latter is required to determine the current flow due to particle movements.

The potential at the particie is thus seen to be from two sources, the applied
potential charge and its own induced charge. This latter effect is similar to
the image effects used on the simple model.

The task of modeling the sensor was complicated by several factors.

The major problem was containing the model within a size that could be handled
by the computer. The job is equivalent to solving nearly 8,000 simultaneous
equations. It rapidly became obvious that a compromise had to be reached
between accuracy and the number of elements into which the sensor films and
grids could be divided. A secondary problem associated with the number of
elements is that of devising a satisfactory bookkeeping scheme for keeping
track of which element is influencing which. This task also is affected
strongly by programming limitations of array dimension sizes and allowable

DO loop nesting. The final model has 7,360 elements which between them have
over 27 million interactions. Considerable effort was expended in accommo-

dating these interactions within 132,701 influence coefficients. The use of
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this reduced number of coefficients required careful bookkeeping and the
formulation of generalized equations that expressed the relationships of the
elements to the coefficients.

The coefficients could not all be retained in memory at the same -ime,
so they were calculated and retained on magnetic tape and called upon when
required. The most efficient method for operating the sensor model would be
to have all the coefficients available at once, but as this was not possible,
a compromise of using two sets of coefficients at a time was used to speed up
the iterative process. The two largest coefficients take up 130,000 bytes of
core.

The sensor physical shape precludes its being easily divided into uni-
formly sized elements. Allied to this is the task of calculating the inter-
actions between the various elements. As the configurations and shapes are
not found in standard text books, all the interactions for the potentials pro-
duced at one element by a charge on another were calculated from elementary
electrostatic principles.

The fijm and grids are divided into 7,360 uniformly charged elements,
which are 0.125 in. on a side. The charge distributions due to the particle
and the applied potentials are calculated separately and superposed.

In either case, the charge on an element is adjusted so that the total
potential, caused by its own charge and that due to all other element charges
and the particle if considered, is equal to to the applied potential. The
charge adjustment is made jteratively by changing the charge on each element
to the newly determined value at each iteration. The applied potentials are

set to zero for calculations of the charge due to the particle.
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The iterations are continued until the changes in charge distribution
at each step are less than a specified value, i.e., the calculation has con-
varged to within an acceptable tolerance of the final value.

A1l calculations and results are in terms of a unit coulomb charge
on the particle. The potential of each element due to all other elements of
the sensor is calculated using a set of stored "influence coefficients.“
These coefficients are the values of potential at an element due to a unit
charge at another element. To save computer time, they were calculated once
using first principles of electrostatics and stored for future use. A similar
set of coefficients is calculated for each particle position, but they are
determined in real time for each new particle path.

A computer program was prepared to perform these calculations. Several
options are made available which are selected by input variables or cards.

The basic calculations are: (1) to calculate the charge distributions due to
the applied potentials and store them on tape; these distributions are fixed
and used often; (2) to calculate the charge distribution due to the particle;
and (3) to calculate the potential at the particle due to (a) the applied
potential charge distribution and (b) the particle image charge distribution.
Items 2 and 3 are repeated for each position of the particle. The charges on
each film strip and collector grid strip are summed to give the total charge
on each element at each step. The data relative to a particular particle

path are stored on tape for future use.
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3.4 SYSTEM MODEL
To determine the response of the LEAM to a charged particle, the data
obtained from the sensor model are used as an input to the elecironics model.
The sensor model output is the characteristics of a particular path through
the sensor calculated using a particle of unit charge. The system mode}
uses these data in conjunction with the parameters for the particular parti-
cle in question to derive the actual response to that particle. Thus, the
profile of the current flow in each film and collector grid strip is deter-
mined versus time. The profile is then applied to the electronic model as
discrete ramp inputs for each time interval.
A program was prepared to accomplish this which performs the following
tasks:
1. Reads input cards to determine which of the following options to
perform:
a. Selection of sensor, up, east or west and particle path.
b. Normal or shielded film on east sensor.

Positively or negatively charged particles.

o
N

d. Preselected or random mass and charge values.

e. Number of particles.

f. Particle velocities.

g. Whether output is to be plotted and, if so, the dimensions
of the axes.

h. How many of the data points to list on output.
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2. If a plot is desired, the plot program data are generated.

3. If random particle characteristics are desired, a random number
generator is employed to derive mass and charge values.

4. Data relevant to selected particle path read from tape.

5. Calculates work done on particle between successive steps and
calculates velocity at each step.

6. Calculates currents in films and collector grids from rate of
change of charge.

7. | Determines if film and collector grid IDs occur.

8. Calculates input signal to PHA circuit. |

9. If a film ID occurs, the electronics model subroutine is called
to calculate PHA and accumulator response to the signal calculated
in step 8.

10. Results are listed or plotted as selected by input cards. All

results are stored by sensor on tape for future analysis.

Thus, a single particle path can be analyzed for either positively or
negatively charged particles at any number of velacities, charges, and masses.
The stored data for any sensor and any path can then be analyzed by a second
program, which is designed to select the particles by type of event or velocity
and can eitner plot or list the resulting selection. The types of events that
can be selected, either singly or in combination, are coincidence, noncoinci-
dence, multiple accumulator, multiple film or collector grid adjacent or non-

adjacent, on any of the sensors or shielded film.
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The orientations of the film and collector grid strips within the
LEAM experiment are identified in Figure 3-7. This information is supplied

so that the analysis data can be readily compared with the lunar data.
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SECTION 4
RESULTS AND IMPLICATIONS OF ANALYSIS

4.1 RESULTS

An accurate simplified representation of the electronics has been ach-
ijeved in a computer model. This model simulates the inhibit circuits in addi-
tion to the PHA threshold circuit analyzed previously.

When the simplified electronics model was completed, it was checked
out with the simple sensor model. This combined model gave useful results
because it <ould be used with the random number generator to generate numer-
ous particles with differino mass and charge values and calculate the result-
ing responses very quickly compared with the SCEPTRE program.

The plots resulting from these runs are shown in Figures 4-1, 4-2, and
4-3. The PHA values and “-uble accumulator events appear in bands which
differ in shape, depending upon the velocity of the particles. The separa-
tion of events into those with and without double accumulator counts will
permit a broad classification of the particles observed on the moon.

The intent with the re “ined sensor model was that at least one particle
path would be calculated and analyzed by the end of the contract period end-
ing on 31 July 1976.

We have achieved the following towards this goal. A program to calcu-
late the influence coefficients for the interactions between the 8512 sensor
elements was prep.red, debugged, and 132,701 coefficients committed to

magnetic tape storage. The sensor program that utilizes these coefficients
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has been written, debugged, and operated. The main part of this program is
the iterative loop, which adjusts the element charges to the values needed to

give the required potentials both in the case of the applied potential distri-
bution and the distribution due to a particle. Several problems were encoun-
tered in the implementation of this iterative loop:

1. The most efficient method of implementation involves holding the
132,701 coefficients in core while performing the iterations, but
this takes 530,804 bytes of memory, which is virtually the entire
capability of the computer. Thus, a method was devised which re-

quired repeatedly reading the coefficients from tape in blocks.

2. The calculation of the potential contributions at each element
due to all the other elements is the most time-consuming portion
of the iterative loop. The initial implementation of this part
took almost 30 minutes per iteration to run. Considerable effort
was expended in reducing the running time until we achieved the
present t me of approximately 17 minutes, which was done by stream-
1ining each of the 15 subsections of this part and then combining
them where possible. The number of elements was reduced from 8,512
to the present number of 7,360 by considering the tops and under-
sides of the grids as single elements. This potentially impairs
accuracy, but the difference is insignificant in our model. Finally,
the whole part was formulated as a subroutine and compiled using

the FORTRAN H compiler.
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3. The present broblem is ensuring rapid convergence of the iterative

loop. ¥hen originally formulated, the loop was conditionally stable,
depending upon the magnitude of the changes made in the elemental
charges at each step. When stable, the convergence was extremely
slow because of the small size of the changes in charge which were
permissible. Althouyh time consuming, the present program will

provide the required data.

The remaining tasks to achieve the one particle path for one sensor,

once convergence is achieved, are:

1.

3.
4.

To perform one run of the program to determine the charge distri-
bution due to the applied potentials.

To perform 10 runs of the program to determine the distributions
due to the particle. It is assumed that 10 data points will be
sufficient to allow a good interpolation for the intermediate data
points.

To perform interpolation to obtain all other required data.

To run sensor and electronics model program.

4.2 IMPLICATIONS OF ANALYSIS

The analysis as performed to date indicates that nearly all types of

events observed on LEAM can be explained and that classification by event type

will allow more accurate identification of particle mass, charge, and velocity

characteristics.
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The hypotheses explaining the events are described below. When the
model is made fully operational, the hypotheses will be verified.

The coincident film and collector grid events were shown by the simple
model to be obtained by a positive particle, between the collector grid and
film, traveling toward the film.

Noncoincident events can be achieved by a positive particle with a com-
bination of mass, charge, and velocity that provides sufficient signal at the
film but not at the collector grid. The collector grid is less sensitive to
charged particles. Noncoincidence at the collector grid cannot be observed
because the experiment requires a film ID to allow completion of a measure-
ment sequence.

Multiple accumulator events have been observed with the simple model
and are caused by the electronics response to long duration input signals.

Multiple adjacent fi'm events are caused by a positive particle having
a combiration of mass, charge, and velocity that give a sufficiently large
signal to achieve threshold on two or more films at once. The same mechanism
would be expected to result in multiple collector grid events, but conceivably
it could give only a single one if the signal level were in the right range.

Multiple nonadjacent film events are of the type where films 1 and 3
recorded an ID threshold but film 2 did not. This phenomenon can be ex-
plained by a negatively charged particle traveling toward the film strip
that does not record an ID threshold, e.g., film 2. It will be remembered
that the film circuit requires a positive current to produce an ID, which,

in the case of a positive particle, was achieved by an induced negative
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charge in the film. This charge was produced by a flow of elertrons

to the film, equivalent to a positive conventional current flow into

the amplifier. In the case of a negative particle, a positive induced

charge occurs in the film and, thus, a negative current flows to the ampli-
fier. This current will not produce an ID, as observed by film 2. Consider
now films 1 and 3. If the particle has appropriate charge and velocity
characteristics, it will induce sizable positive charges and, thus, negative
current flows in them also. As the particle approaches the plane of the film,
its influence on films 1 and 3 will decrease, falling eventually to zero at
the film. Note that this is not the case with film 2 whose charge increases
until impact. Thus, the charges at films 1 and 3 reach a peak positive value
somewhere before the film and then decrease to zero at impact. When the
charge starts to fall to zero, there is an electron flow to the film to re-
place the positive charge; this flow is again the positive conventional cur-
rent flow into the amplifier. Therefore, if the magnitudes are correct, suf-
ficient current can flow to produce an ID in films 1 and 3.

Shielded film events are explained by the fact that the thin dielectric
virtually has no effect on the particle induced charge in the film except to
restrict the approach of the particle to it. Thus, the induced signals will
be identical to the unshielded films for particles in similar positions.

The following observed cases in the lunar data are less easy to explain

and require assumptions which cannot yet be proven:
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1. Multiple film, nonadjacent, events with no collector ID.

2. Multiple collector, adjacent and nonadjacent, with single film
ID.

3. Multiple film and multiple collector, both nonadjacent.

Analyzing these cases requires further knowledge of the effects of the particle
on the film when it is in electrode spaces other than the coliector grid/film
space. If the particle can truly induce a signal of threshold amplitude in the
film when it is in these areas, then the remaining cases can probably be ex-
plained.

The detailed study of the sensor and electronics has led to a better
overall understanding of the instrument responses and has indicated areas that
affect the LEAM data but which must be left to future analysis.

Our analysis considers only particles traveling perpendicularly to the
film. Obviously, particles are 1ikely to be traveling in all directions.
Particles traveling at the speeds considered here would probably describe
curved paths in the proximity of the sensor elements, and this has not been
considered. The implication is that particles, outside the field of view for
hypervelocity particles, could be electrostatically deflected into the inst-u-

ment if they have appropriate energy and charge characteristics.

The verification that the LEAM experiment is measuring charged dust
particles as well! as hypervelocity cosmic dust particles could lead to an
understanding of phenomena observed by astronauts and other experimenters.
Observations in this category include several instances of solar 1ight scatter-
ing over the terminator regions reported by the Apollo crews in lunar orbit,
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transient 1lunar events being investigated by experimenters on a worldwide
basis, and indications at the Apollo 17 site that a substantial amount of
Tunar surface material has been added over the past 1 to 2 million years.*

*Abstracts of Papers Submitted to the Seventh Lunar Science Conference,
March 15-19, 1976.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

There are several conclusions which can be drawn from instrument
analysis alone, without reference to the lunar data.

The sensor definitely responds to charged particles that have certain
ranges of mass, charge, and velocity. The physical dimensions and applied
potentials of the sensor are such that charged particles incident upon it are
affected dynamically and some particle selection takes place. Charged parti-
cles can be attracted into the sensor, thereby increasing its effective field
of view. In theory, negative particles will cause sensor responses.

The electronics does not differentiate between signals from hypervelocity
particles and charged particles, but the circuits are sensitive to pulse shape.
The pulses from hypervelocity particles, for which the experiment was designed,
are well defined, both from theory and gun measurements. They are known to be
of short duration, whereas the sensor analysis has shown that long pulses,
several hundred microseconds in length, can be produced. The electronics
analysis has shown that several characteristic responses to long pulses can
explain certain peculiarities in the LEAM lunar data, namely large PHA counts
and double accumulator counts. Negative pulses will also give PHA thresholds.

When comparisons are made between the analyses and the lunar data, it
can be concluded that different particle types are producing the observed
events. Some of the events are probably due to particles within a small por-
tion of the total response range, while some are certainly produced by negative

particles.
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The overall conclusion is that the cambined theoretical analysis of the
electronics and sensor together with the Principal Investigator's analysis of
LEAM Tunar data can provide a comprehensive picture of the dust environment
at the lunar surface. Therefore, it is recommended that the sensor analysis
be completed in order to allow a thorough analysis and understanding of the
LEAM lunar data. The achievements to be expected from further study are:

1. Total ranges of mass, charge, and velocity of particles b 1g

measured by the LEAM instrument.

2. Characterization of particles producing unique events, thus sub-

dividing total measurement range into identifiable segments.

3. Correlation of particle types identified in 1 and 2 with lunar

cycles and temporal effects.

4. Knowledge gained above will allow refinement of hypotheses on dust

sources and transport.

5. Application of .csults to analysis of other lunar surface phen-

omena observed by astronauts and other experimenters.

6. Application of results to Pioneer experiment data, allowing addi-

tional information to be obtained on deep space particles.

In accordance with NASA policy, the LEAM experiment data and supporting
documentation will be archived to make it available for future use by investi-
gators anywhere in the world. This report and the results of the Qualification
model tests constitute essential supporting documentation invaluable to future
users of the LEAM experiment data. The bulk of the experiment data is incom-

prehensible without a detailed knowledge of its response to charged particles.
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Thus, without this knowledge, the data cannot be applied to investig.tions
of other lunar surface phenomena. Future users of the data could apply the
results herein to a continued analysis resulting in a comprehensive calibra-
tion of the instrument, which would include particles incident anywhere on
all three sensors.

A more practical and cost-effective approach would be to require the
Principal Investigator and the Bendix Project Engineer for the LEAM experi-
ment to continue the analysis using the extensive knowledye and understanding
which they have acquired over the past three years. The result would be a
set of data and documentation with far greater appiicacion to other areas of

scientific research into lunar phenomena than is presently practicabie.
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APPENDIX A
COMPUTER PROGRAM DESCRiPTIUNS

The computer programs required for a complete theoretical anplysis of
‘v2 LEAM experiment are described in the following sections. Flew charts
and 1istings are included for information purposes.

The programs complement each other to achieve the fina: results. The
numbers given are from the program numbering system for computer data sets,
used Ly the Bendix Corporation Data Center.

Program P5072CHG computes the path data using subroutines PLFIN- and
POTCON. The outputs, which are stored on tape, are uti’ized by P50725GF to
determine the experiment response to particular particles. The sukrout 'ne
used is LES, which itself uses subroutines COND1, COND2, COND3, ard CVOLT.
Finally, the PHA and accumulator count data for the various particles are
analyzed or sorted by P5072INT.

A1l programs were written ir FORTRAN IV for the IBM-370 system. The

plotting routines are those used by the Cal Comp plotting svstem.

A.1 PROGPAM P5072CHG TC DETERMINE SENSOR CHARACTERISTICS TO CHARGED
PARTICLES

A.1.1  Summary
The program calculates
1. Charge distribution or the film, collector grid, and suppressor
grid due to (a) applied potentials and (b) charged particle.
These distributions are calcdlated separately and the one for

applied potentials is comnitted to tape fur future use. Those
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due to the particle are calculated for particle positions,

which are selected by input card.

Total charges on each film and grid strip for each particle posi-
*ion. Thus, knowing the particle speed, the current in the film
and collector grid circuits may be determined. (1lhis calculation
is performed in program P5072SGF).

Potential at the particle due to both the applied potentials and
the particle image charge. This allows calculation of the work

done on the particle along the path.

The program stores position, potentials, and charges on tape so that all param-

eters for one path are stored for future use.

Description

The calculations center upon determining the charge distributions on

the films, collector grids, and suppressor grid. The distributions on one

grid are affected by the distributions on all other films and grids and vice

Thus, to determine the actual distribution is an iterative process

which adjusts the individual charge distributions until the calculated poten-

tial at any element, grid or film matches the applied potentials. When the

charge distribution due to the particle is determined, the applied poientials

are set to zero.

The films and grids are divided into uniformly charged square elements

of 3.175 x 103 meter on a side. The total number of elements used is 7,360.

The interactions between elements are determined in a subroutine POTCON using
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influence coefficients, which have been previously calculated and stored on
tape. An influence coefficient is the value of potential at one element due
to a unit charge at another element.

The resulting charge distribution is used in two ways. The first sums
the elemental charges on each film and collector grid to give the total charge
on the respective sensor element at that time. This is done in the particle
case only and gives the charge due to the particle at each chosen position
relative to the sensor. The rate of change of charge, caused by particle move-
ment, determines the sensor output current. The second use for the charge
distributions is to calculate the potential at the particle caused by both the
applied potential charge distribution and the distribution due to the particle
itself. The latter gives rise to the method of images used for calculations
involving infinite planes. The change in potential along the path through the
sensor determines the work done on the particle and thus the change -n its
energy.

The program has two basic modes of operation:

1. To calculate the charge disiribution due to the applied potentials

and commit the values to tape.

2. To calculate the required parameters of potential at the particle

and total charge on each film and collector grid strip, for each

selected particle position.

Other operational options, which are variations and combinations of

the above two modes, are available and will be discussed later.
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A.1.2.1 Mode 1

The mode is selected by guide parameter Gl = 1 on the second input
card, and guide parameter G2 is set to zero. The initial elemental charges
are set to half the values estimated for uniformly charged surfaces at the
potentials of the film, collector grid, and suppressor, and the elemental
potentials are set to zero. Next, the elemental potentials due to all other
charges are calculated using the initial charge values and the influence co-
efficients, which are read from tape. The difference between the potential at
an element and the applied potential is due to the element's own charge and
form factor. The charge, thus calculated, is compared with the original charge
to determine the charge value for the next iteration.

The comparison includes a check to ensure that the calculated value
does not lie outside the limits prescribed on an input card. If it is outside
the Timits, the elemental values are scaled to give the limit value for the total
charge. The charge value for the next iteration is determined by taking a frac-
tion of the difference between the calculated and original values and adding
it to the original value. The fraction is selected on the input card, together
with the number of iterations allowed and the maximum percentage difference
desired between successive charge values on any element. The maximum percen-
tage difference deterinines the accuracy of the resulting dist. ibution.

When the program transfers out of the loop, the calculated charge
distributions are recorded on tape for future use. The transfer occurs when
either the iterations allowed are completed or the desired accuracy is

achieved.
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A.1.2.2 Mode 2

This mode is selected by guide parameters Gl and G2 being set to
3.0 and 1.0, respectively.

In this mode, the first step is to calculate the influence co-
efficients between the particle and the elements of the films and grids and
vice versa. These coefficients, designated P--Q, are the values of potential
at an element for a unit charge at the particle and vice versa. The coef-
ficients are calculated for every particle position that is selected by an
input card. Subroutine PLEINF is used in the calculation. The charges on
the films and grids and the potential at the particle are calculated as
follows,

1. The charge distribution due to the particle is calculated
iteratively in an identical manner to that for the applied
potentials, except that the applied potentials are set to
zero and the initial element potentials are set to the values
attributable to the particle (the values of the influence
coefficients, P--Q). The potential contributions at each
element due to all other elements are accumulated with the
P--Q value to give the total potential at =ach element. This
value is compared with the applied potential (now zero) as
before, and the new elemental charge is determined using the
same factor. The same criteria are applied as in Mode 1 to

determine when sufficient iterations have been performed.



BSR 4234

The potential at the par "~le due to the applied potentials is
computed from the influence coefficients (P--Q) and the charge
distribution stored on tape in Mode 1.

The potential at the particle due to the charge it induces in
the films and grids is computed from the influence coefficients
(P--Q) and the charge distribution calculated for the particle
alone.

The total charge on each film and collector grid strip is cal-
culated by summing the respective elemental charges for each

strip.

When all the potentials and charges have been computed for a parti-

cular position, the values are committed to tape as part of a data set which

is compiled for each path through the sensor.

The program then reads the next input card for a new particle posi-

tion. At each position, the program automatically alternates between the

loop that reads the applied potential charges from tape and the loop that

iterates to a new charge distribution due to the particle charge.

A.1.2.3 Other Options

Options are selected by input parameters Gl and G2:

1.

When G1 = 2.0, the program calculates the potential at points
sefected by input cards, in addition to computing and commit-
ting to tape the charge values of Mode 1.

When G1 = 3.0, the program calculates the potentials of the

previous option using the charge values recorded on the tape.
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3. When G1 = 5.0, the charge values recorded on tape in Mode 1
are read in and used as the initial values for the first step
of the iteration loop. This allows further refinement of *the
charge values without repeating the previous steps.

4. Whei G2 = 1.0 and G1 = 0.0, the potentials at the particle
due to the particle induced charges and the total film and
collector grid strip charges due to the particle are calculated.
The potential due to the applied potentials is not calculated.
This node has limited use on its own and, if called for, should
have a dummy card for the JCL card defining FT25F001 to prevent

erroneous data being stored on a data tape.

A.1.2.4 P5072SIC Program to Calculate Influence Coefficients

The program to calculate the influence coefficients P5072SIC is used
once, and the results are stored on magnetic tape. This program calculates
the coefficients from first principles, based on the physical geometry of the
elements. The interactions occur many times due to the repetitive nature of
the physical geometry, but any particular interaction is calculated only once.
Each interaction is referenced by an index number so that the correct coef-
ficient can be recalled from tape in program P5072CHG. This program, P507Z_1C,
determines the correct index number for the particular coordinates of the
elements under consideration, then calculates the coefficient using subroutine

INFLCF.
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A1l coefficients are stored on tape YOL SER NOS T53344 using the
following data set names:

ASD.P067. CFWW

A CFMSFW
CFTUFW
CFEDGW
CFPFIN
CFFMFM
CFTUFM
CFEDFM
CFISFM
CFTUTU
CFISIS
CFEDED
+ CFEDIS

CFEDTU
ASD.P0O67. CFTUIS

A JCL card is required for each data set.

A.1.3 Method of Use

Four input cards are required if full use of the program is to be
made, including calculations involving particle position. This applies to
every condition of Gl and G2 except G1 = 1.0 and G2 = 0.0. In this instance,
the fourth card may be omitted.

Card 1 controls the iterative process of determining the charge distri-
butions.

The inputs required, all format code F7.4, are:
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Columns 1-7; FACTOR, which determines the fraction of old and new charge
values which are to be used for the value in the next iteration.

Columns 8-14; PERCEN, specifies the maximum percentage difference between
new and old charge values required before exiting the iteration
loop.

Columns 9-21; CYCLES, specifies the maximum number of iterative cycles
allowed before exiting the loop.

Card 2 defines the guide numbers Gl and G2 (Format, 2F3.1).

Gl = 0.0 Does nothing with regard to applied potentials.

Gl = 1.0 Charges due to applied potentials are computed and written to tape.

Gl = 2.0 Same as Gl = 1.0 and also computes the potential at specified point(s)
from card 4.

Gl = 3.0 Reads charge distribution due to applied potentials from tape and
computes the potential at specified point(s) from card 4.

Gl = 5.0 Refines charges due to applied potentials. (From Tape).

G2 = 0.0 Does nothing with regard to particle.

G2 = 1.0 Computes charge distribution due to particle. Computes image

potential at position of particle and total charges on grid and
film strips due to particle.

Note: If G1 = 2.0 or 3.0 and/or G2 = 1.0, cards giving XP, YP and ZP must be
present, where XP, YP and ZP are the coordinates of the particle rela-

tive to the center of the film.
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Card 3 defines the maximum and minimum charge values for each sensor plane
during the iteration process. These values limit the excursions of
the charge values to prevent divergence. (Format 6E11.4).

Card 4 defines the particle path position, the distance of the particle from
the film and the total number of points (NPTS) to be calculated (par-
ticle positions). ZP is the distance of the particle from the film
in meters. XP and YP are the distances from the center of the film

plane, in meters, as shown below,

ACl ; AC2 T AC3 ! AC4

AF1 i : |

I | |

| | '

| I

AF2 | | |
| | XP

— i

\ tve !

AF3 | l '

| | '

I I i

| ] |

AF4 | I |

| | 1

A card of this type is required for every particle position or position
for wiich potential due to applied potentials is required. (Format
3€11.4, I3). XP and YP must have the same respective values on each

card for each path, i.e., on a particular path only ZP changes.

Tapes are required for storage of the charges due to applied potentials

and for the path data which includes potentials and total charges.
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If the charge distribution due to applied charges is held on tape
and further refinement of the values is desired, i.e., a smaller value of
PERCEN, then G1 should be given the value of 5.0. The existing values will
be read from tape and further iterations performed until the new accuracy is
achieved.

Some WRITE statements, that are not shown on the flow chart which
follows, are included for diagnostic purposes. These print out some of the
terminal point numbers so that the position in the program can be determined
and also the potential and charge of selected elements in each plane are

printed prior to executing terminal points 3508 or 3509.

A.1.4 Flow Charts and Program Listings

A flow chart of the program is given in Figure A-l.

Program 1istings for P5072CHG, P5072SIC, and subroutines POTCON, PLEINF,
and INFLCF follow on pages A-13 through A-53.
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Figure A-1 P5072CHG Program Calculates Charge Distributions in Films and Grids
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P5072CHG

v =\ e e e sme ——

CARDCSY GIVING VALUES OF G & G2 MUST ALWAYS BE PRESENT

G1=0. @ DOES NOTHING WITH REGARD TO APPLIED POTENTIARLS

Gil=1. @ CHARGES DUE TO APPLIED POTENTIALS COMPUTED AND WRITTEN TO TAPE

G1=2. @ SAME AS Gi=1. 6 & ALSO COMPUTES POTENTIAL AT SPECIFIED POINT(S)

G1=2 @ READS CHARGE DISTRIBUTION CUE TO APPLIED POTENTIRLS FROM TAPE AND
COMPUTES POTENTIRL AT SPECIFIED POINTC(S)

Gi=5. @ REFINES CHARGES DUE TO APPLIED POTENTIALS. (FROM TAPE >

G2=8. @ DOES NOTHING WITH REGARD TO PARTICLE

=1, @ COMPUTES CHARGE DISTRIBUTION DUE TQ PARTICLE. . COMPUTES IMRGE

POTENTIAL AT POSITION OF PARTICLE. COMFUTES TOTAL CHARGES ON
GRID AKRD FILM STRIPS DUE TO PRRTICLE.

NOTE IF Gi=2. @ OR 3. @ AND/OR G2=1.0 CARDS GIVING XP.YP AND ZP MUST BE
PRESE "7

NOTE CARDS GIVING VALUES OF FRCTOR. PERCEN AND CYCLES MUST ALWAYS BE
PRESENT

IN THE FOLLOWING ARRAYS THE PREFIX G INDICATES THE TOTAL CHARGE ON AN
ELEMENT, THE PREFIX P THE TOTAL POTENTIAL AT AN ELEMENT DUE TO ALL OTHER
CHARGES AND THE PREFIX P HITH SUFFIX @ THE POTENTIAL. AT AN ELEMENT DUE TO
THE CHARGE ON THE FARTICLE ALONE. THE P~-Q NUMBERS ARE ALS0 THE INFLUENCE
COEFFICIENTS FOR THE EFFECT OF THE ELEMENT CHARGES UFON THE POTENTIAL
AT THE PARTICLE.
DIMENSION PHQC2, 2,4, 4.7, 82, PTUQCR, 2. 4, 4, 2, 8>, PEDO(2, 2, 4, 4, 2, 8)
DIMENSION PISQCX, 4, 4, 2, 2>, PFMS0(4, 4., 8, &)
DIMENSION CHGC3), SCALECLZY, OMAX(S3), GMINCI)
DIMENSION ELANK(E)
COMMON GFMS(4, 4, 8, 83, PFM5(4., 4. 8, 8>
COMMON PHC2, 2,4, 4. 7,80, G2, 2, 4,4, 7, 8)
COMMON GEDC(2, 2, 4, 4, 2, 87, PED(2, 2, 4, 4, 2. 8>
COMMON GTU(Z, 2,4, 4, 2, 8, FTU(Z, 2, 4, 4, 2, 8>
COMMON GISC3, 4,4, 2, 2),PIS(3, 4.4, 2, 2>
DRTA BLANK/8+0, &~/

THE ABOVE 15 ARRAYS REQUIRE 25536 WORDS (1. E. 162144 BYTES)
3568 TO 3514 PROVIDE ROUTING THROUGH THE PROGRAM BLOCKS

READCS, 3560>FACTOR, PERCEN, CYCLES

FORMATC(XF?, 4)

WRITFCE, 8006 )FACTOR, PERCEN, CYCLES

FORMAT (5%, “FRCTOR = 7, F7.4,* PERCEN = 7,F7. 4,7 CYCLES = *,F7. 4>
PERCEN-8. 01+PERCEN

READCS, 2501761, G2

FORMAT (7F3. 1)

MRITECE, 6961561, G2

FORMAT (5%, /G, G2 = 7, 2CFd. 2, 240>

READCS, BO267OMAX, GMIN

FORMAT CEF11. 4)

MRITE 6, 5024 ) CMAK, OMIN :

FORMAT (X, QMR = 7, CELL. 4, BoO75K, “GMIN = 7, 3CESL. 4, 5¥))
1F<G2. 6T, 0. SHLTNE=1

TECGL. GT, ., 521 INE-@

JUMF: @

INUM= 6

1ECGL, GT. 43G0 TO 2504 \
TECGA LT, 4. 5. AND. G2, LT, A 5H>G0 TO 2504 ORIGINAL PAGE I8

OF POOR QUALITY,
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READCS, 2503, END=3544>XP, YP, 2P, NPTS

FORMAT(2E11. 4, 13>

WR1TE (6, BRA2)XP, YP, ZP

FORMATCEX, *XP, YP, ZP = 7, 3CEAL. 4, 3%3)

IFCINUM, GT. 1>G0 TO 5999 R

RRITE{25)XP, YP, NPTS, BLANK

TNUM=TNUH+ 1

G0 TO 5999

COMPUTES POTENTIALS/INFL. COEFFS DUE TO PARTICLE ANDRETURNS TO 35@¢
HRITE (6, 8063

FORMAT(SX, “3504)>

IF(GL. LT. 2. 5. OR. LINE. EQ. 1>G0 TO 2019 o
IFCJUMP. EQ. 1)GO TO 2050

READCSYGMW, GTU, GED, GIS, GFNS

REWIND 9

JUMP=1

IFCG4. GT. 4530 TO 3505

60 TO 2053

GOES TO 2849 ZOROS ALL CHARGES & RETURNS TO 3505 OR GOES TO 2050 &
COMPUTES POTENTIAL AT PARTICLE POSITION RETURNING TO 3511
COUNT=0, &

WRITE(E, 8004

FORMAT (X, “3505°)

IFCLINE. EQ. 160 TO 3506

vi=-7. 8

v2=24. 0

V2=-3. 0

GO YO 199

V=0, 0

v2:0. 0

V3=0. @

GO 1O 2010

GOES TO 1999 & SETS P-- TO ZERO, OR GOES TO 2010 & SETS P-- = P--Q IN BOTH
CASES RETURNING TO 3507

NRITE(6, 8005

FORMAT(5X, * 35677 )

IFCCOUNT: LT. 8. 5. AND. LINE. EQ. 1)G0 TO 4999

GO TO 4499

GOES TO ITERATION BLOCK BUT BYPASSES COMPUTATION OF POTENTIAL
CONTRIBUTIONS DUE TO ELEMENTS OM FIRST PASS. RETURNS TU 3588 FOR FURTHER
ITERATICON OR TO 3509 WHEN ITERATION COMPLETED. ALL CHARGES NOM COMPUTED
WRITEE, BBEEG)

FORMAT (5%, 725097 )

1F(G1. GT. 4)G0 TO 2050

IF¢GL. GT. 2 5. OR. LINE. EQ. 4760 TO 3540

WRITE(S5GH, GTU, GED, GIS, GFMS

RENIND 9

IF<GL. GT. 4760 -TO 3514

IF(GL. LT. 1. 5 AND. G2. LT. 6. 5YG0 TO 3514

JUMP=1

a0 T0 2050 .

COMPUTES POTENTIAL AT PARTICLE, RETURNING TQ 2514

IFCLINE. EQ @5G0 TO 3515

PAR=SUM

WR] TECE, 3547)9PAR .

FORMAT (54, “PAR = 7, 14, 4) ORIGIM{L

GO TO 3516 OF pgg PAGR Is
"R Quary

[y

APP=SLIk
WRITECE, I RAPF

18 FORMATCON, “AEP « 7, Fl4. 4

IFCLINE, EL 0060 TO »"13

6O T0 24660

CUMPUTES CHARGES OM FILM AN GRIL STRIF AN RETURPHS TO 3%12
WRTTECE, ZNASLAFL, AF2, AFS, AF4. /1 L AC2, ACE, RCH

“ FORMAT DN, "FILA CHARGE = 7, {24, F14. 40/274%, "OGRID CHARGE = 7, 4(2¥, E

214,42
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Iy
Y

WRITEC25)2P. APP, PR, ACL, AC2, ARC2, AC4, AF1. AF2, AR, AF4

IFCLINT EQ. 8. AND. G2, GT. 8. 5iL=1

IFCLINE. EQ. 1. AND. G1. GT. 1, 5)L=0
IFCLINE. EQ. 1. AND. G, LT. 4. Sou=d,

IFCLINE. EQ. @. AND. G2. L.T. 0. S)L=a

LINE=L
IF<GL. GT. 1. 50G1=2. @

IFCLINE. EQ. 1. AND. G1. GT. 2. 5)G0 TO 3504

GO TO 3592

THIS BLOCK SETS ALL POTENTIAL CONTRIBUTIONS FROM ELEMENTS TO Z2ERO

DO 2807 K=1,4

DO 20086 L=1,4

0O zBasS M=, 8

DO 2004 N=1.,8
PFMSCK, L, M, NO=0. @
IFCM. GT. 7>G0 TO 2004
DO 2863 I=1,2

IFCM. GT. 2. OR. N. GT. 2)CC TO 2600

PISCL KoL, M, NO=G, ©
Lo 206z J=1,2

IFCHM. GT, 2260 TO 20081
FTUCTL LK, L ML NY=8, 8
1IFCI. GT. 2560 TO zA62
PHCL Jo KoL, M W2=0. B
IF{M. GT. 2XG0 TQ 2602
PFDCI, LK Lo M H)=0. @
CONTINUE

CONTINUE

CONTINUE

COMNTINUIE

CONT INLUE

COMTIHUE

GO TO <567

THIS BLOCK SETS ALL ELEMENY CHARGEZ TO TERD

JUrP=6

TRCLINE. EG. 6OGO TO 960
SECTHUM, BT 4060 TO 3565
FYl M6, @

ORYD=6, 6

SLFG=0. &

GO TO 9620

1 FYLMr~-2 BE-13%

GRYD=3, QE-1T
SUPG-~2 BE-13

A DD 2627 Kl 4

DO 2626 Ls=1,4

DO 2605 M=1, &

DO PeZ4 N=1,2
GFMECE., Lo M W= FYLM
IFCH. GT. 72600 TO 2n2d

IFCM. GT. 2 OR. M GT. 2,60 TO v’ﬁ:f:'i

GISC L, K, L ML Ho=SLPG
QIS Ky L M WD =0REYD
GYSYE L M H=FYLM

1 e 2027 =32

Gl s o b L M Wa=20P05
T e~ P % W U P B EE 1 5L 1 ¢
IFCOM, BT 200G0 TO 2h2e
DR REN O P (% BRI P IR 1 XY
GTHCE o ¥ Lo M Ns-UoF vl
GTUCS, Tk, b bL N2 FYLP
ORI, Y b H N =S G
GECO, T b oM ke
CORTIRE
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CONTINUE
CONTINUE
CONT INUE
CONTINUE
GO TO 3585

THIS BLOCK SETS POTL. CONTRIBUTIONS P-— EQUAL TO CORRESPONDING P--Q

DO 2618 K=1.4

DO 2017 L=1.4

DO 2016 M=1,8

DO 2015 N=1.8

PRHSCK, L, M NO=PFMSQ<CK, L, M. ND>

IFC(M. GT. 72G0 TQ 2015

DO 2014 I=1.3

IF{M. GT. 2. OR. N. GT. 2>G0 TO 2611
PISCI K L M NO=PISRCI. K, L. M ND

DO 281z J=1.2

IF{M. GT. 2)G60 TO 2642

PTUCL: LK Lo M NOX=PTURCT, J. K. L M N2
IFCI. GT. 2>G0 TO 20132

PUCT, J. KL "L RSPRECE J. K L M ND
IF{M. GT. 2>G0 TO 2013

PEDCI, J, K, L. M: ND=FEDRCT, YL K. L, M. N>
CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONT INUE

CONTINUE

GO TO 3567

THIS BLOCK COMPUTES POTENTIAL AT PARTICLE

Sit=@6. 9

DO 2a58 K=1.4

DO 2057 L= 4

DO 2855 M=1. 3

DO 2650 N=1. 8

SUM=SUM+FPFHSRK: L. M, NO*GFMSCK: L, M. ND

IFCM. GT. 75G0 TO 2055

PO 2ald I=1,3 .

IF(M. GT. 2. OR. N GT. 2X60 TO 2651
SIM=SUMHPISOCT. Ko Lo M NYRRISCL B L M- MO

DO ZeS: J=1,2

IFCM. 6T, 2>60 TO 2852

SUM=SUM+FTURC T, J. Ko L M, NO*GTUCT, 3L K L ML ND
¥ v, GT. 2060 TO 2653

SUM=SLIM+PHQ{T, T, K, L, M NO#GHCT, J, K. L, M, N
IFCH. GT. 2>G0 TO 28532

SUM=SUM+FELQC T, J, 05 Lo W MO#GERCT, T K L M0 N
COUTTHUE .
CONTINNE

CONTTHNUE

CONTINUE

CONTINUE

CONTINUE

GO TO 2514

THIS BLOCK COMPUTES CHARGE.. wi GRID AND FILM STRIPS

fACL~6 &
RACZ=6. @
ACx=8. &
Ad=0 6
AF1-6 0
MFZ=0. 0
AF =0 A
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AF4=0. 0

00 2165 Ki=1.4

DO 2104 M=1,8

DC 2103 N=1,8
AFL=RF1+GFMSCKL, L, M. N
AF2=AF 2+GFMS (KL, 2, M, N>
AF=AF3I+GFMSKL, 3, 1. D
AF4=AF4+GFMSCKL, 4, M, N
IFCM GT. 7>G0 TO 21ex
IFCM. GT. 2. OR. N. GT. 2>G0 TO 2161
AF1=AF1+GISCZ KL, 1, M N
AF2=AF2+GISCR. KL, 2. M: N
AF4=AF4+GIS(Z, KL, 4, M. N)

AC1=RACLI+GISC(2, 1. KL, M, N>
AC2-AC2+GIS(2, 2, KL, M. N)
AC3=ACI+GIS(Z, 2. KL. M: N)
AC4=ACA+GIS(2. 4, KL, M. N)

IFCM. GT. 2>G0 7O z1e2
AF1=AF1+GTUCR, 1, KL, 1, M, HD+GTUC(R, 2, 1, KL, M: N
AFZ2=AFZ+GTU(Z, 1, KL, 2, M, ND+GTUCS: 2, 2, K M. )
AF2=AF3+GTUCR, 1. KL, 3, M, N> +GTU(R, 25 3: KL, M. N>
FF4=AF4+GTUC3, 1, KL, 4, M, ND+GTUCS, 2. 4, KL, M. N>
RCA=ACI+GTUCZ, 1, 1., KL, M N>+GTUC2, 2, KL, 1, M. N>
AC2=AC2+GTU(2, 1. 2, KL, M: H>+GTU{2, 2, KL, 2; M; N>
ACR=ACI+GTUCZ. 4, 2, KL, M, ND+GTW(Z2, 2, KL, 2. M, ND
ACA=RC4+GTUCZ, 1. 4, KL, M, ND+GTUCZ, 2, KL, 4, ML NY |
ACL=ACL+GHC2, 1, 1, KL M H)+GHC2, 2, KL, 1, M, D ’
ACZ=ACZ+GHNC2, 1. 2, KL, M, ND4GHC2, 2, KL, 2, M N>
ACZ=ACI+GHCZ, 1, 3 KL, M, NO4GHC2, 2, KL 2, M, WD
BRA=ACAHENCE, 1, 4 KL, M. ND+GHC2, 2, KL, 4. M, ND
IFCM GT. 2>60 TO z163

ACL=RCL+GEDC(2, 1, 1, KL, M NY+GEDC{Z, 2. KL, 1, M, N>
ACZ=AC2+GEDC2. 1, 2, KL, M: N>+GEDC2, 2, KL, 2, M. N)
ACX=ACI+GET (2, 1. 2, KL, M, ND+GEDC?: 2, KL, 3, M. N
ACY=RCA+GEDC2, 1. 4. KL, M: N>+GEDR(Z, 2. KL, 4. M, N>
CONTINUE

COHTINUE

CONTINUE

G TO 3512

CALL POTCON

COMPUTE C(HARGE ON EACH ELEMENT DUE TO AFPPLIED FOTENTIAL ANDFOTENTIAL

CONTRIBUTIONS FROM ALL OTHER FLEMENTS AND PARTICLE NOTE THAY IF PRARTICLE

IS PRESENT THEN ALL AFFLIED POTENTIALS ARE ZERO.
CHGC(1>=0. B

CHG(2)=5. B8

CHG(2)=6. 0

DO 2548 K=1, 4

DO 2917 1=1. 4

DO 2516 M=1. 3

DO 2545 H=1, & :
CHOCR)=CHO Y+ (Y-PFMSCK, L. M, M) >#B. 11853F-12
IF(M GT. 7260 TO 2515

V=4,

DO 2514 I=3. %

IF(L. EQ. &0V=\72

IFCTI. Fon 30N 5

IFCH GT. 2 OR. N GT. 2260 70 2011

CHO I =CHOCI D+ (V-PISCT, Ko Lo ML NDY#@, 71137 IE-AR
DO AGAR 4, 2 .

IFCM. GT. 2X60 TO 25312

CHOCI D= CHECI 2+ (V-PTUCT, J, K, L ML ND D%, 9322102E~43
JECT GT. 2>GO TO 251%

CHOC I ) =CHRCT )+ CV=FUC L, T, KL L M, HD %6, 14014 7E-1%
IFCM GT. 2260 TO 25),
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‘s

CHGC 1) =CHOC 1)+ (V-PEDCL, 3, K, L, M. ND>#@. 4437133E-13
CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONT INUE

CONTINUE

DO 2520 I=1,3

SCALECI)=1. @

IF(CHGCI). GT. QMAXCI > >SCALECT X=0MAXC T ) ZCHGC T
IFCCHGCID. LT, QMINCI? OSCALEC I =AMINCI >/CHGC] )
CONT INUE

START HIRES

CRIT=0. 8

V=i

DO 50085 I=1,2

IFCI. EQ 2)Vv=y2

DO Se64 J=1,2

DO 5663 K=1,4

DO 5082 L=1.4

DO S0l M=1,7

DO 5000 N=1,8 .
TEMP1=CV-FHCT, 1, 16 Lo M H) >#8. S140147E~13
TEMP1=TEMPA*SCALECT )
TEMP2=TEMPA1AFACTOR+GHC I, J, K, L, M N>%<1-FACTORD
TEMPR=PERCENAGH<T, J. K, L. M N>
TEMP4=TEMP1~GNC L, J. K. L. M, N>
TEMPR=ABSCTEMPZ)

TEMP4=ABSC TEMP4)

IFCTEMPY. GT. TEMP2)CRIT=1 08
GHCIL 3. Kb Lo M, HO=TEMP2

CONT INUE

CONT INUE

CONTINUE

CONT T NUE

CONTINUE

CONTINUE

EHD HIRES. START GRID EDGES

V=Vi

DO Se1a I=4,2

IFCI. EQ. 2)V=V2

DO Se1a J=1,2

DO 5689 K-=1,4

DO S6e3 L=1,4

DO 5807 M=1,2

DO Dooe N=1.2
TEMPL:=(Y~PEDCI, J, K, L, M, N> >#@. $41371R3E~13
TEMPA=TEMP1+SCALECID
TEMP2Z=TFMP1AFACTOR+GED (T, J: K, L, M: N>*(A~FRCTORD
TEMPZ=PERCEN®GED{X, J, K. L. M, M)
TEHPA=TEMPA-GELCT, J, K. L, M, N>
TEMPI=RARS(TEMP2)

TEMP4A=RR=(TEMP4)

IFCTEMF4 GT. TEMFIOCORIT=1. ©

GEDCT. o Ke |y My NO=TEMP? ORI .
CONT THF OF iINAL PAGE .5
CONTTHIN { POOR QUALITY,
CAMT THUE :

CONTTHUE
CONTINUY
COMNTTNUE
FHI? GRITy FLOFS STHRT MATHN GRIGAFILM T & U

A-18
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v=vi

DO 57 I=1,3

IFCI. EQ 2)¥=¥2

IFCT. EQ 2)VvsV2

DO S016 J=1,2

DO 5815 K=1.4

LO 5014 L=1,4

DO 5813 M=1.2

DO 5612 N=1. 8

TEMPL=C(Y-PTUCL, J. K/ L M. N )0, 9322102E-13
TEMPL=TEMPL*SCALEC]) .

TEMP2: TEMPAFACTOR+GTUC I, J, K. L. M, N> %(A-FRCTOR)
TEMPI=PERCENAGTUCI, J. K, L. M, N
TEMPA=TEMP1-GTIKI. LK L. M. N

IF(TEMP4. GT. TEMPE)CRIT=1. @
GTUCL, 3, K- L, ML NO=TEMPZ
CONTINUE

CONTINUE

CONTINUE

CONT INUE

CONTINUE

CONTIHUE

END KAIN GRIDAFILM T & U. START INTERSECTION SQUARES

=\

DO 5622 1=1.2

IFCI. EQ 20V=v¥2

IFCI EQ 2OV=VR

DO Dez1 K=1.4

DO 5628 L=1.4

DO Se1S M=1.2

DO 5618 R=1,2
TEMPA=C(Y-FPIS(T K, L M. NDD*B, P1117ISE-13
TEMFA1=VEMP1+SCRLECI >
TEMF2=TEMPY FRCTOR+AGISCI. K, L. M; NX®{1-FRCTOR)
TEMPI=FERCEN+GISCT, K, L. M. WD
TEMPZ=ARSCTENFZR)
TEHPA=ARS{TEMP4)

IFCTEMP4. GT. TEMPIOICRIT=1. 60
GISCE K. L M HO=TEWMPR2
CONTTINUE

CONT THUE

CONTIHUWE

CONTINUE

CONTTHUF

ENPD INTERSFUCTION SUARES. START FILM MAIN SOUARES

=\

DO SOz K=1, 4

DO S5 t=d 4

0 SRed M=t )

DD T2 N-1.R

TEPMFA=CV-PFHS L MM ef, VIRNEE-L2
TFHMP1-TEME L0 070

TEMR: TEAF RO TORSGEHSC, Lo b B - FRCTORD ORIGINAJ, PAGE I3
TEHR: - FFRUEMSOFMSOEL ) F M) OF POOR QUALITY
TEMEA: TRME =0k HECE L H N

TRMF 2 ARG TFHE
TEHEA FIRSCTRHE
TECTEMRG T, TEHE: 0T T8

A-19
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GFMSCK, L, M N)=TEMP2

CONT INUVE

CONTINUE

CONTINUE

CONTINUE .

NRITECS, 81002 CPISCL, 2, 2, 2,23, G15(1. 2, 2, 2, 2>, I=1, 3>
FORMAT(2(SX, “PIS = “,E11. 4, 5% “GIS = “,E11. 4/))
HRITECE. 101)X<PTUCL, 2,2, 2, 2,87, GTU(I. 2, 2, 2, 2, 8), I=1, 3)
FORMATC(: 3% “PTU = “.E11 4, 5% ‘GTU = “,E1Ll 4/
WRITECE: c182X<PEDCL, 2, 2, 2, 2, 82, GED(1, 2, 2, 2, 2, 8), 1=4, 2)
FORMAT(2(SX. ‘PED = “,E11. 4, 5% “GED = “,E11. 4/3)
HRITECS, 8103)<PWH(I. 2,2, 2. 7, 85, GHCI, 2, 2, 2, 7, 8), 1=1, 2)
FORMATC(2C(SX, “PW = “,E11. 4,5X. "G = 7, E11. 4/3)

WRITECE, 8B1040PFMS(2, 2, 4, 4). GFM5<(2: 2, 4, 4)

FORMATCSXK. "PFMS = 7, E11 4, 5% ‘GFMS = 7, E11 4

END FILM HAIN SQUARES

COMPUTATION OF NEW CHARGE DISTRIBUTION COMPLETED

I CRIT IS NOT ZERO THEM CHANGE OF CHARGE ON AT LEAST ONE ELEMENT
EXCEEDED SPECIFIED PERCENTAGES. IF CRIT IS ZERO THEN ITERARTION HAS
REACHED REQUIRED ACCURRACY

COUNT=COUNT+1
IFCCOLNT. LT. CYCLES-8. 1. AND. CRIT. GT. @. 5>GD TO 3508

CONDITIONAL RETURN TO START OF ITERATION FROCESS

HHEN ITERATION COMPLETED AND/OR FERMITTED NUMBER OF CYCLES RERCHED
COMPUTE POTENTIAL. AT POSITION OF PARTICLE DUE TO APPLIED POTENMTIALS
AND PARTICLE IMAGE CHARGES

GO 70 3562

COMPUTE FOTEHTIAL AT ELEMENTS DUE TO ONE COMLOMEB AT P9RTICLE

START PARTICLE ON WIRES

Z=ZF-8. aR3a7A2s

DQ &@a7 I1-1, 2

IFCY. EQ. 22Z2=ZP-6. GO6e7H64

DO e00e J=1, 2

DO eaes K=1, 4

DO caed =1, 4

DO €OB3 M=1,7

DO 662 N=1, 8

IFCY. EQ 2>G0 TO 606

f-0. 0

B=0. BOX17D

K=8. B29214K+0, daZ1759xM-8. 0S5725-XP
Y=, 2921%_+0. 08717 5xN-8. 0S7ILZ~YP
GO TO fH6L

A=8. 8Az17Y

-0 6

He@, Bz21 L +6, 6031 7O4N-6. AR7 31 3X-KP
Yo fy, G292 k40, BRI Thr -0 0RLF 25N
CALL PLFINFON. Y. 7 AR POTED

FHGOCT, LK M N=FOTL

CONTINVF

CONTINWF

COHT IRUE

CONTINNIF

CON HUE

COr NUE

END PARTICLE ON WIKFS

START PRRTICLE ON GRID EDGES
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6613
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€021
6822
€023

B=0. 8

®=08. 82921+_+0. 683175xN-0. 087313-XP
¥=0. 02921»K+0. 02054+M-0. 1111205-YF
CALL PLEINFC(X, ¥, Z, A, B, POTL)
PEDQ(I., J. K, L. M. NO=POTL

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

END PARTICLE ON GRID EDGES
START PARTICLE ON MAIN GRID-FILM T & U

Z2=2P-0. 6637028
DO 62z I=1,2
IFCI. EQ. 2>Z2=2P-0. 8867564
IFCI. EQ. 302=2P
DO éazz J=1.,2
DO 6821 K=1,4
DO 6620 L=1.,4
0O @819 M=1,2
DO 6818 N=1, 8
IFC(J. EGL 2>G0 TO €aié
A=0. 681985
B=9. 683175
¥=0, A2921+K+0. A273a5+H-0. 11.39825-XP
¥=0. 82921+ +6. 6aX175xN-0. 8873125-YP
GN TO 6617 .
=@, 683175
B=0. 681565
R=8. 2924+ +0. 6O2175+N-8. 0873125-XP
¥Y=0, B2321xK+6, @27305xM-0. . 139625-VP
CALL. PLEINFOL Y. Z, R, B, POTLY
PTURCI, J, K, L. M, W)=POTL.
CONTINY
CONTINUE
CONT THUE
CONTINLIE
CONT TNUE
CONTINIE

END FARTICLE ON MAIN GRID/JFILM T 2 U

START FARTICLE ON OGRIDAFILM INTERSECTION SQURKRFS
2=7P=0, AOSTUCR

DO SRR )k, R

IFCY. FO 220700 DRe?Tied
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IF<I. EQ. 3)Z=2P
PG 60627 K=1,4
DO 60626 L=1.4
DO 6025 M=1,2
DO €024 Ne1, 2
A=0. 681985
B=0. 001905

" Re@, B2921+K+8. 827305+M-0. 1139825-XP

Vo8, 92921+ +8. 927305«N-0. 1139825~YP
CAlLL PLEINFCA Y, 2 A, B, POTL)

PISKIL. K. L. M N>=POTL

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

END PARTICLE ON GRID/FILM INTERSECTION SQUARES

START FPRRTICLE ON FILM MAIN SGUARES ELEMENTS
2=ZP

DO 6632 K=1, 4

DO 6831 L=1.4

DO 6626 M=1.8

DO 6029 N=1,8

A=0. 883175

B=8. 82175

A=6. 2921#K+8. 6A3175xM-0. B87I125-XP
Y@, @2921 4 +0. BP3175%N-6. A8TI125-YP
CALL. PLEINFCX. ¥. 2, R, B. POTLD

PFHMSELK. 1, M. NO=FOTL

COHTINUE

CONTINUE

CONTINUE

CONTIMNLE

EHP PHETICIE ON FILM MAIN SOlERES ELEMENTS

AL POTENTIAL.S DUF TO CHARGE ON PARTICLE COMPLETED. NOTE THAT PWQ. PEDQ,
PTUQ. FISQ & PFMSO ARE ALSO THE INFIUFHCE COFFFICTENTS FOR COMPUTING
POTENTIAL AT FPRRTICLE DUF TO CHARGE DISTRIEBUITOH ON ELECTROLES

GO TO X504

CONT THUE
ERD
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SUBROUTINE POTCON

DIMENSION CFRNCS678), CFMSFHC(S5194), CFTUFK(24364), CFEDGH<18682)
DIMENSION CFPFINC189745), CFFMFN(2809), CFTUFM(8904), CFEDFH(5936)
DIMENSION CFISFM{9488), CFTUTU(18595), CFISIS(605), CFEDED(7438)
"DIMENSION CFEDIS{2136), CFEDTUCAS512), CFTUIS(2464)

COMMON GFMS<4, 4, 8, 8), PF.15¢(4, 4, 6. 8)

COMMON PUC2, 2,4, 1.7, 8>, GH2, 2,4, 4. 7. 8

COMMON  GEDC2, 2,4, 4,2, 8), PED(2, 2, 4. 4. 2, 8>

COMMON GTUC3. 2, 4.4, 2, 8), PTUC(S, 2, 4, 4, 2, 8>

COMMON GIS(3. 4,4, 2, 2>, PIS(2 4. 4,2, 2) .

EQUIVAILENCE CCFTUFKHCL >, CFTUTUCL), CFTUFMNCL), CFPFIWCL), CFUCL), CFISIS
2C¢4), CFMSFHCL), CFFMFMCL), CFISFMCL), CFEDISCL ), CFEDTUCL), CFTUISC1))., ¢
ICFEDGH(1 >, CFEDFM<(1), CFEDED<1)) :

START INTERSECTION SQUARES ON INTERSECTION SQUARES

READC20)3CFISIS

DO 4648 LiL=1.4

DO 4847 NN=1, 2
IMPA=3+L L+NN

DO 4645 MM=1, 2

00 4645 KK=1.,4
IMP2=32%KK+MM

DO 4644 M=1.2
IHD2=M~IMP2

DO 4643 K=1,4
INDZ=TND2+2
IHD3=IARSCINDZ)>
INDA=~IMP1

DO 4642 L=1,4
INDA=IND4+3
INDS=11+IABSCTND4+1)
IND7?=11*IABS CIND4+2)
INXA=INDG+INDZ
INX2=IND7+INDZ

DO 4841 II=4,3
TEWFLZ=0 8

DO 4648 I=1.3

IFCT EQ I1I5G0 To 4637
IFC{I. EQ. 3. OR. 11. EQ. 3)G0 TO 4638
INDL=243

GO TO 4&39

IND1=1

GO TO 4839

4638 IFCI+II. EQ 4)IND1=364

4639

4640

4641
4647
4643
4644
4545
4FdE,
4 A7
4548

IFCI+I]. EQ. SMINDL=42%

IMDEAL=TN" 4 +IMiA.

TNDEXRZ= INKZ2+ TN
TEMPAZ=TEMPAZ+CFISIS  THDEXL > *GIS (L K L, ML AD+CFISISCINDEXR2#GISC L, K
2:0LM

CONTINUFE

PISCIT, KKy L, MM NND=RTSCT T KK L MM NND+TEFMPLS
CONT I HUE

CONT YHUE

CONTINLUE

CONTINIE

CONT INUE

CONT ITHUE

U0 TRUE

CONT THUE

FHir TNTERSECTYOM SUURRES OM IMTFRSECTION SGJAREC
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START WIRES ON WIRES

REWIND 20
READC18)>CFW
DO 4516 NN=1,8
DO 4515 LL=1.4

| INDA=15+LL+NN

4509
47510
43511
4512

45132
4514
4545
4515

TEMPS=144LL +NN-0. 5
DO 4514 M=1,?

DO 4513 KK=1, 4
IND2=134KK+MM
TEMPE=14#KK+1MM+D. 5
HOLD1=0. @

HOLD2=8. 8

HOLD3=0. @

HOLD4=0. ®
TEMP17=IND2-TEMPS
DO 4542 N=1.8
INDZ=N-IND1
TEMP7=N-TEMP6

DO 4511 L=1,4
IND3=IND3+15
INDS=46+IABSCIND2)+1
TEMP7=TEMP7+14
TEMP1=ABSCTEMP7)+0. 7
IND7=INTCTEMP1)44876
DO 4510 M=1,7
IND4=N-IND2

DO 4509 K=1,4
IND4=IND4+13

INDEX1=IABS(IND4>+INDS

TEMPE=IND4+TEMPL17+K
TEMPB=ABS(TEMP8)>-6. 3
IND8=43xINT (TEMPS8)
INDEX3=IND?7+IHDS
INDEXZ2=INDEX1+2428
IHDEX4=INDEXZ2+2461
TEMPL2=2CFiW{ INDEX1)
TEMFO=CFHML TNDEX2)
TEMPAZ=CFHN{ INDEXX)
TEMPLA=CFIdNCINDEXS )

TEMP21=GW{1, 1, K: L, M, N>
TEMP22=5MC1, 2, K, L. M. ND
TEMP22=GM{2, 1. K, L, M, N
TEMP2d==GWC 2, 2, K. L, M, N>

BSR 4234

HOLDL=HOLDL+TEMPI*TEMP2I+ TEMPL2ATEMPZA+ TEMPAB* TEMF 24+ TEHPAZ+TEMP22
HOLD2=HOLD 2+ TEMP S TEMP 24 + TEMFI 24 TEMHP2+ TEMPLO+TEMPZ 2+ TEMF L2+« TEMP24
HOLLZ=HOL DR« TEMP O TEMP I+ TEMFY 2+ TEHPZZ+TEMPIOF TEMPZZ+TEMF1Z 2 TENP 2L
LOL D= HOL DA+ TFRF S TEHNF 22+ TEMFLZ# TEMF A+ TEMP L6+ TEMPZ1+ TENPLZTEMF2R

CANTINUE
CONTINUE
CONTINUE
CONT INUE

PRCI, L KK, LLs MM, WND=PHCE . 1, FK. LL, MM NN +HOLDL
FHCZ, 1, KK LU, MM MND=FHCZ, 40 KK, LL. MM NNO+HOLDZ
PHCL 20 KK LLs MM, MO =FRCA, 20 KEL L MM, MY SHOLDE
PRC2, 2, KK LL, MM MEHD =PRCZ, 20 KFL L, ML MND +HOL DY

CONTINUE
CONTINUE
CONT INUE
CONTINUE

HIRES ON WIRES FINISKED
STRET FILM MATH SOUARE ON WIRES AND VICE VERSA
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RENIND 10
READ(11>CFMSFI
DO 4531 NN<1,8
DO 4530 Li=1.4
INDE=15+LL+NN

DO 4525 MM=1,?

. DO 4528 KK=1, 4

4517
4518
4519
4526

4521

4522
452%
#4524
45205
420

4527
458

TEMPL=14%KK+MM+0. 5

DO 4527 JJi=1.2

TEMP12=GHC(1, JJ, KK, LL, MM, NND
TEMP14=Gh(2, JJ, KK, LL, MM, NN>
TEMP13=0. 0

TEMP16::0. @

IFCIT. EQ. 2260 TO 4521
TEMP4=-TEMP1

DO 4526 K=1,4

TEMRA=14+TEMP4

DO 4519 M=1,8

TEMP2=TEMP4+M

TEMP2=ABS(TEMP2)+0. 7
INDZ=INT<TEMP2)

INDZ==INDS

DO 4518 L=1.4

THDX=IND34+15

DO 4517 N=1.8

IND4=IND3+N
INDEX1=49%IAEBS(IND4 >+ IND2
INDEX2=INDEX1+2597

TEMP2=CFMSFHC INDEXL)

TEMFS=CFUSFHC TNDEX2 )
TEMPLR=TEMP13I+GFMS K, L, 11, NO*TEMPR
TEMP16=TEMP16+GFMS K, L, M, HO*TEMPS
PFMSCK: Lo My NO=PFMSCKS Ly B D +TEMP3*TEMP12+ TEMPS* TEMF14
CONTINUE

CONTINUE

CONTINUE

CONTIMIE

G0 TO 4526

TEHPA=~TEMP1

DO 4523 L=1.4

TEMP4=TEMF4+14

DO 4524 N=1,8

TEHP2=TEMP4+N

TEMPZ=ABS(TEMPZ2+6. 7
THOZ=INTCTEMPZ

INDZX: ~INDE

DO 4523 K=1.4

INDI=INDE+1S

DO 4522 M1, &

THDA=INDZ+M

INDERL=49% IABSC IND4 s+ TNDE

INDERZ THDERA 42557

TEMPR=CFMSFNC TNDEAL)

TEMPL= CFPSFIC THDERZ )
TEMPAZ=TEMPIZ+GFMS (G L My NO*TFHMPE
TEMPLE=TEMPLE+GFMS O, L, My HX#TFMFS
FEMSCK, Lo ML MO = PFMSCOE, L My HI+TEMPZ#TEMFL2+ TEMPSATEMPLY
CONTIMNUE

COMT IHNUE

COMTIHUE

COMT INUE

FRCL 1Y, KK L MM, WD =PRCE, T, ERS LL, MM, NN +TEMFI
PRCE BT, B L, MM, NMD=PWC2, T3, KES Ll HM, NN +TEMPLE
COMNTTHNUFR

COMTINUR
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4529 CONTINUE
4538 CONTINUE
4531 CONTINUE
END FILM MAIN SQURRES ON WIRES AND VICE VERSA

START GRID/FILM MAIN T & U ON WIRES AND VICE VERSA

STARY LATE EDGES ON WIRES AND VICE VERSR

aoooonO0nO0

REWIND 11
READC12)CFTUFNW
REWIND 42
RERDCA13)CFEDGHW
REWIND 13
DO 4548 NN=1.8
DO 4547 tLL=1,4
INDA=A15xL L +NN
TEMPL1=16*LL+24NN-7. 5
DO 4546 MH=1,. 7
DO 4543 KK=1,4
TEHPZ=14*KK+2%MM—-6. S
TEMP3=14+KK+Mi{+0, ©
TEMPALZ=GHC(L, 4, KK, LL, MM, NN>
TEMP14=GK<(1, 2, KK, LL, MM, NND
TEMPALE=GWC(Z, 1, KK, LL, MM, k>
TEMP19=GM{2, 2, KK, LL, MM, NN>
TEMP1Z2=6. @
TEMP15=6. 0
TEMPLE=0, @
TEMPALY=0. &
HOD1=02, &
HOD2-6. &
HOD2=0. 6
HODY=0, 6
DO 45944 HN=1.8
IMD2=H~TNDL
TEMP4=M-TEMPX
DO 4543 L=1,4
INDZ2=IND2+15
INDZ=d9+ IRBSCINDZ)
TEMP4=TEMP4+14
TEMPS~RRBS(TEMP4)
INDA=INTCTEMPS+B, 72
DO 4542 =4, 2
TEMPE&-M-TEMFZ
TEMP?=M-TEMFL
DO 4541 k-1, 4
TEMFE-TEMFE+14
TEMP?=TEMP7+16
TEMFE=ARS TEMFP?)~-8 3
IHDB=49% INTCTEMFS)
TEMPS: ABSCTEMPE +61, 7
IHD=INTCTEHEPS )
INAL 2 THD S+ TN
THF 2 JHDE+ THDA

YOGa TNDEXL: THAL
IHDERZ= THAZ+LOZ8R
THDE e TH » 0BGy
TNDEXA: 112413 02
INDFR v V24T 9
INDEZE: JTHR2+7Y 98
TEMPIE: ( FFDOMC THDEAL D
TEMFZY: CEEDOMC THDF NS )
TEMPRE O FFDGNG THEERXE)
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YEMP29sCFEDGHC INDEXS)

TEMP308=GEDCL, 1. K, L, M, NO
TEMP31=GEDC1, 2, K, L. M. ND
TEMP32aGEDCZ 1, Ko Lo ML ND
TEMP33=GEDC2, 2. K L. M ND -

H001=HOD:I.*TEHPZS*TEN’ZG*TEPPZ?*TEHP31+TEW33*TENP32*TEI‘P39*TEPP33
HOD2=HOD2+ TEMR 26+ TEMP31+ TEMP 37 TEMP2O+ TEMP 3% TEMP3 3+ TEMP3S#TEMP32
HODZ=HOD X+ TEMPIEATEMPI2+ TEMPI 7o TEMP 33+ TEMPRE«TEMPRO+ TEMPIOATEMP 3
HODG=HODG+ TEMPIG#TEMPIZ+TEMPI?» TEMPI2+ TEMPRE«TEMPI1+TEMPIOXTEMP30
PEDCL, 1, K\ L, M, NXD=PEDCL, 1. K, Lo Ms ND+TEMPIEXTEMPL3+ TEMPI7ATENF 14+ TEMP
238+ TEMPAB+TEMPIOTEMP19
PED<A, 2, K, Lo M, ND=PEDCL, 2, K, L, My N2+ TEMPIGATEMPL4+ TEMPI7?#TEMPA3+TENP
I2BHTEMPLS+TEMPIO*TEMPLS
PEDC2, 1, K, L, M, NO=PEDK2, 1, K: L. M, NO+TEMPRE#TEMPAS+TEMPI?*TENP19+TEMP
43S TEMPALI+TEMPISATEMP14
PED(2, 2, K, L) M. ND=PED(2, 2, K: L, M, N)+TEMPREXTEMPAS+TEMPI7HTEMPALS+TEMP

538*TEI1F‘14+TEMP39*TEPP13
DO 4529 I=1.2
IF<I. EQ 2>G0 TO 7010
1FCI. EQ. 2>G0 TO 7820
GO TO 7920

7010 INDEX1=INX1+20597

7620

7028

4529
4541
4542
4543
4544

4545
4546
4547
45dE

oOoOcC Y00

INDEX2=TINX2+13132

JNDEAI=1NM1

INDEX4=INX2+10388

GO TO ?@30

INDEX1=INX1+5194

INDEXZ=INX2+15876

INDEXI=TNX1+7791

INDEX4=]NX2+18620

TEMPZO=CFTUFKC(INDEXZ)

TEMP21=CFTUFI{ INDEX4)
TEMPALG=CFTUFNCINDEXL Y
TEMPL1=CFTUFN{INDERZ)
TEMP22=GTUCL 1, K, L, M. N>

TEMPZZ=GTULI, 2, K, L. M, N>

TEMPAZ= TEMPLZ+TEMPLA*TEMF2Z2+TEMPLIRTEMPZX
TEMPAG=TEMP {1 5+ TEMPLA+TEMPZI+TEMPLA*TEMP22Z
TEMPALE=TEMP1E+TEMF2ZeATEMPZ2+TENP21+TEMP23
TEMPA7=TEMPL7+TEMHPR2O*TEMP 2+ TEMP214TEMP22Z

PTUCT, 4, K, Lo ML NO=FPTUCT, 4, Kb LM NPI+TEMPLE*TEMFAS+TEMPLA#TEMP14+ TEMP

2o TEMFLS+TEMPZA+TEMNPLS

PTUCT 2, Ko Lo M, ND=FPTUCL 2, % L M ND+TEMPLL*TEMPL I+ TEMP18+TEMFA4+TEMP

321 TEMPLE+TEMF 2ETEMPLD
COWNTINUE
CONT INUE
CONT THUE
CONTTHUE
COMTTNUE
PRCL, 4 KK LL MM HND=PRCL L KRS L M BN+ TEMFLZ+HODL
PRICL, 2, KK, L, MM, NN =PROCL, 20 KK LL i, HHD +TEMPLS+HOD2
FCZ, 1, KK LL, MM MHD=PUC2, 1, KR, LL, MM NHOFTEMPLE+HDDS
PUCZ, 20 KK, Ll ¢iM, NND=PRCZ, 2, KE, LL, MM, RN +TEMPLY +HOD4G
CONTINUE
CONTINLIE
CONTINUE
CONTINUE

EHD GRID/FILM T & U OM WIRES AND VICE VERSA
END PLATE EDLGES OH WIRES AMD VICE VERSA
STHRT PLATEAFILM INTERSECTION ON WIRES AND VICEVERSAR

FERDCAALCFEF IN
D A5F0 NM=1, 8
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OO0

4565

4576

4577

7e40

4567
4568
4569
4570
4571

457
4573
4n74

4570

BSR 4234

DO 4574 Li=1,4
TEMPA=164LL+2%NN~-7. §

DO 4573 Mi=1, 7

DO 4572 KK=1,4
TEMP2=1 4 KK+2%MM~-6. 5
TEMPL1=GW (1, 1, KK, LL, MM, NND
TEMPA2=GW(1, 2, KK, LL, MM NND
TEMPA3=GW(2, 1, KK, LL, MM, NND

TENPALA=GHC2, 2, KK, LL, MM, NND

TEMP15-0. 8 °

TEHP16=0. 6

TEMP17=0. 8

TEMP18=0. 8

DO 4571 M=1,2

TEMP3I=M-TEMP2

DO 4570 K=1,4

TEMPI=TEMP3+14

TEMP4=ABS(TEMP3)+8. 7

IND4=INTCTEMP4)

DO 4569 N=1,2

TEMPS=N-TEMP1L

DO 4568 L=1, 4

TEMPS=TEMNPS+16

TEMPE=RBSCTEMPS)-Q. 2

INGE=49x INTC(TEMPS)

INK=IND4+IN6

DO 4567 I=1,3

IFCI EQ. 45G0 TO 4566

IFCI. EQ 2>60 TO 4576

IFCI. EQ. 25G0 TO 4577

INDEX1=TNX

INDEX2=THA+2744

GO TO 7940

INDE 1= THX+27 44

INDERZ=TNX

GO TO 7246

INDEXL -THX+T48R

THDEXE=TMNN¥+S2% 2

TEMP?=CFPF THCLNDEYA)

TEMPE=CFFF IM{INDEXZ)

TEMPAG=-TEMPLD+GTISC T, K, L, M NO*TEMP?
TEMPLE=TEMPLG+GIZCT, L. K N MO®TEHF?
TEMPLY=TEMPL7+GISC), K. L, M. N TEMPS
TEMP1E=TEMFAS8+GIS L, L, K M MI+TEMFS

PISCI, b L M NO=FPISCT, K, L) Mo HO+TEMP?STEMFLL+ TEMPEXTEMPLS
PISCL L, K, W Mo=PISLL Lk N MO+ TEMRP?RTEMPALZ+TEMPS*TEMP14
CONTINUE .

COMHT INUE

CONT THUE

CONTTHNUE

CONTIHLE

PR, L B, Ll MM MND=PROL 1, EE, LL, MM MHO+TENFLS
FCL, & b L P HEDsPRCL, 25 EF L MM HED+TEMPLE
PHCZ, 4, KBS Lo MM N =GR, 3, FE, L MM RO +TRMFLE
FRCZ, 20 KK LL M MM =PRCZ, 20 KR L, MM, NND +TEMPLS
CONTIMUE

CONT ITHULE

CONT THUF

CONTIHUE

FHD PLATECSFILKM INTFRSECTION ON WIRES AND VICF VYEPSAH
RTART FTLM MATH SOUARRE ON FILM MARIN SOIARF

REWMIHD 44
FERADCID 0 FEMEM
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4573
4579
4560
4581

4582
4582
4554
4585

ST 4234

DO 4585 KK=1, 4

DD 4584 MM4=1,8
TND1=15%KK+MM

DO 4583 LL=1.4

DO 4582 NN=1,8
IND2=15%LL +NN

TEMPLR=0. 8

DO 4581 M=1, 8
INDI=M-INDL

DO 4586 K=1,4
IND3=INDZ2415

INUG= TRESCIND2 Y+

DO 4579 N=i &
INDD=N-IND2

DO 4578 L=1,4
INDG=INDS+1S
INDEX=53+IABSC INDGO +IND4
TEM: L - FHFMC THDER 2 :GEMS K, Lo ML WD
TEM1 - “hPL3+TEMPL
CralyTr

[ Pl SO 24

Cope Ly e

CON™ INUE

PEMSCKI, LL- M1, MN»=PFMS R, L, M, NND-TEMPAT
CONTINUE

CONTIHNUE

COMTINI'E

CORT ITHUE

EWD FILM WMRIN SCUARE ON FILM MAIN SHURRE

START GRIDCFILM MAIM T & U OH FILM MAIN SOUARE AND YICE YERER

START GRID EDGES OM FILM MATY SCURRE ELEMENTS AMD YICE VERER

REWIND 4%
REFADCAGHICFTURM
EEMIND 14
RERADCATYCFEDFM
REMIND 47
DO 49535 KK=1.4
DO 4RST M=l 8

C TEMFL= 3 €42 40M=F. 5

DG 4533 (=1, 4

DO 45 Ni=L. &

TN =1 Dl L+t

TEMPL2=0¢ @

TEHFA 2GRS CRR L MM, MRS
TFMFL =i,

TEMF LS PP CL s bE s RN MM
[ EIC MRS ML O Il S

IMEe2: H-THDI

LRI SOSE N BN I

I Tt

TR = Sard TRES G THID

GO a4ty M1 0

TEME if-TFHF 1 ORIGINAL PAGE IS
DG 48t Kl o OF POOR QUALITY
TEMb 2w TEMP+ 1

TRME S BESCTFHE D40 7
TG THT S TERPE S

JPGa FH T+ TN

THE S THX

THIE G2 TH - 7

R QSRS | ¥ SR
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VEMP4=CF TUFMC(INDEX2)>
TENP6=CFEDTMCINDEXL)
TEMNP7="FEDFM( INDEX2)
TEMPL2=TEMP12+TEMPG*GEDC1, 1, K, Ls K, ND*TEMP?eGEDC2, 1, K, L, M, N)
TEMPL1a=TEMP14+TENPSGED(1, 2. K L. M NO+TEMP?*GED(2, 2, K. L. M, N>
PED(1. 1. K: L, #: ND=PED(L, 1, K: L, M: NO+TEMPS*TEMPL3
PEDC2, 1, IG L. M ND=FED(2, 1, K; L, M, 8)O+TEMP7*TEMP1Z
PEDCL, 2, K: L, W, NO=PED(1, 2, Ki L, M NO+TEMPO*TEMPAS
PEDC2, 2, K, L, M- NO=PED<2; 7. K; L, M N>+TEMP7+TEMNPLS
DO 4588 1=1.3
IF(1. EQ 2>TEMP4=CFTUFMCIRDEXZ)
IFCI. 20 DTEMP4=CFTUFMCINDEXL)
TEMPLG=GTWI 4. K. L. M- 1D
TEMPI7=GTW L. 2. K- L. M. N>
TEMPAZ2=TE( v L2+ TEHP#TENF 16
TEMPL14=TENF14+TEMP4=TEMPL7
PTUCL, L K. L. M. ND=PTUCT, 1, K. L M- NXFTEMP4TEMNPLD
PTUCT, 2, K. L. ML NO=PTUCL: 2, K. L. M, tD+TEMPA=TEMPAS
4588 CONTINUE
4589 COHTINUE
4596 CONTINUE -
4551 CONTINUE
4592 CONTIM &
PFHSCKK. L, M, HND=FFISCKK, L. ML HND+TTMWR L2
PRMSCLL . KK W MDD =" T CLL, Yoo NN MMOHTEMPLY
4553 CONTINUE
4594 CANTINUE
4595 CONTINUE
455 CONTIMNUE

EHD GRIDAFILM MAIN 7T & U ON FILM MAIN SQURRE AND VICE YERSR
ERD GRID» EDGE:= ON FILM MAIN SQURFE ELEMENTS AND YICE VERSA
START TNTERSECTION SOUARES ON FILM MAIN SOUARE ELEMENTS AND VICE VERS

OO OM

RERCZ1SMFISFH
DO 481 KK=1,4
TEWFL Ao*klr~-7. &
DO 4615 MM=1. 8
TEMFL: TEMFL1+>
DO 4cid =i, 4
TEMF2=16+L-7. 5

0 46135 HN=1.8&8
TEHF2-=TEMFZ2+2
TEMPL =™ &
TEMFLZ=GFMSCERS LU P, NN
0O 483 M=, 2
TEME Z=M-TEMP1L
DO odeld koL
TEMFR: TRHPZ+1R
TEMFA=HREZCTEME <23 7
T4 = THT TEHE$»
DO Ao N, o
Te. “Or H=- 1 EeFe
DO drads 11,
TEFHFT TEMR w1
TEMFY. AESOTRME Y = s
THEw- e THE 14
THEE - THD+3
TR TREDERSI . L v
TRLE S5 THUR D 40,7
LI SOOI I b ot SR TN ¥ K S I
SEVIE L TFI-RRC YRR
TERFI o RSkt TN 2
R R AR SO DR ¥ ¥ RER B F S| SR ETUXY R TEPIP 20 DTS b b P M Y TERS DS
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3I=GISC2 K L M N

PISCL, K L. B NO=PISCL K L M, NO+TENR 2« TENP12 -
PIS(2, K, L, M HD=PISC2, K, L. M. N)+TENPIZSTENF12
PIS(3, K L M NO=PISCI K L M NYTEMPII-TENPL12

4689 CONTINUE
46310 CONTINUE
4611 CONTINUE
4612 CONTINUE

PFMSCKIG L M NN =PFMSCKIG LL. ML NNDSTEMNPAR

4613 CONTINUE
4614 CONTINUE
4645 CONTINUE
4616 CONTIN ™

OOOOOOO0

BSR 4234

[y
e g

END INTERSECTION SQUARES ON FILM MRIN SQUARES AND VICE VERSA

STARYT PLATEAFILN T & U N PLATE/-FIIN T & U

START GRID EDGES ON GRID EDGES

REWIND- 18
READCIIXCFTUTY
RENIND 19
READC 21 >CFEDED
REHIND 21

TEMPL=TENP1+1G
THD1 =3+ KK+
00 4634 NN=1. R
TEMP2=2aMi~-7. S
DO 483= LiI=1.4
TEMP2=-TEMPZ+16
IND2=15+L L+riN
TEMFP1zZ-9. @
TEMP23=6. 0
TEMPZ3:-0. 8
TEMF42=Q. @

DO 4€32 M=1,2
TEMPI=M-TEMFZ
IND2=M-THD1L

DO 4631 K=1,4
TEMFI=TENFZ+16

TE " 1=ARSCTEMFZ)-6. X
THLLG=3Ex INTCTEMF4 O +291%

INDR=IND3+Z |
INDA=TABSC T IN3>+1
DO A6ZH N=1, &
TEMPS==(TEMP1+2xN)
IMUS=N-TND2Z '
DO 4625 L=l 4
TEMFO=TEMPS+16

TEMFE= RRSCTEHFGY+0. 7

INDw= INTCTEMFE S
THES= THEGH L

INDT= LS« TAR=SCTHEY D
THULE - THD -+ THEYT
THUD - THUE+ THEA 6
IHLE XD = THDE

THRERS - THDA+1 16
THDEA - TRDE T 4555
THDE M- JMOEST+:3 08

TEMF=GEDCS 4L, F. L M N2
TEMFR=GRDPCL, & K, L ML HD
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TEMP9=GET <2, 1. K L. M, N>

TENP10=GED(2, 2, K, L, M, ND

TEX4=CFEDEDC INDEX1)

TEX2=CFEDEDC INDEX2)>

TEX3=CFEDEDC INDEX3)

TEX4=CFEDED ¢ INDEX4)

TEMP13=TENP13+ TEX1+TEMP7+ TEX2+ TEMPS+ TEXI+TENPO+ TEX4«TENP10
TENP23=TENP22+ TEX1 ¢ TENPS + TEX2+ TENP 7+ TEXS>TEMP10+ TEX4*TENPO
TEMP33=TENPIZ+TEXL+TENP S+ TEX2+ TENP1G+ TEX* TEMF 7+ TEX4+TENPS
TENP43=TEMP43+ TEX1+TEMP10+ TEX2+ TENP 9+ TEXI*TEMPS+ TEX4~TENP?
DO 4628 11=1.3

TEMPS2=0. 8

TEWP14-0. @

DO 4627 1=1.3

IFCL EQ. I1)GO _TO 4647

IFCI. EQ. 3. OR i1. EQ. 2)G0 TO 4618

111=2

. G0 TO 4619

4617
4618

4619

111=0

GO TO 4619

IFCI+II. EQ 4>111=3

IFCI+I1. EQ S>I1I=4

INDEX1=IND8+583=111

INDEXZ=IND9+3136=111 .
TEMPSI=TEMPSZ+CFTUTUCINDEX LDO&GTUCL, 1, K, L, M, HX+CFTUTUCINDEX2)>%GTUC]

2, 2, K. L. M. W

TEMP14=TEMP14+CFTUTUCINDEX2)*GTUCL, 1, K, L, M, N> +CFTUTUC INDEX4 >*+GTUC T

LKL M N

4627

4628
4623
4638
4631
46232

4633
4634
4635

4e3c

s Relv Nyl olyRel

CONTINUE

PTUCII, 1, KK, LL, MM, RNO=PTUCII. 1, KK, LL, MM, NNO+TEMPSZ
PTUCTY, 2. KK. LL. M. NHO=PTUCI I, 2, KK, LL, MM, HN>+TEMF14
CONTINUE

CONTTNUE .

CONT INUE

CONTINUE

CONTIHUE

FEDLCL, 1, KK, LL, MM, NND>=PEDC1, 1, KK, LL, MM, NN)+TEMPLZ
PEDCL, 2, KK: Li, MM NNO=PEDCL, 2, KK, LL, MM, NN +TEMPZZ
PEDC2, 1. KK: LL, MM, NNDX=PEDCZ, 4, KK, LL. M. HN>+TEMPZZ
FPEDC 2, 2. KK LL, MM, NN =FeD(2: 2 KK, LL, HM: NHO+TEMP42
CONT JHNUE

CONTINUE

CONTINUE

CONTINUE

END PLATE-FILM T & U ON PLATEAFILM T & U
END GRID EDGES ON GRID EDGES
START EDGES ON INTEFSELCTION SOURRES AND MICE VERSA

REARDCZZOCFEDIS

DQ 4084 LL=1.4

DO 4683 Nh=1, 2
TEHPL-HN-16€xLL+7. 5
TEMP2=L S—-d+L L -2+NN

Dt dESZ2 KK=1.

O 161 MM=1..
TEMPZ: 1. D~dn kR —2ept!
TEMFI=MM-1n kKh+7V. 5

TEMFIZ QIS8 Kb UL ML SNND
TEMPR: GISCZ KL L, ML elND
TEHMFOG=0DTSC5, B L Mid, NND
THISA::A A

THISAd =, O

TRPIS -8 @M
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TEMPL0=TEMP4+16+l.

TEMPO=ABS(TEMPS)>-8. 2

INDA=14=INTCTEMPS)

TEMPAB=ABS(TEMP10)-0. 3

IND2=14%INT(TEMP10)

DO 4677 M=1,2

TEMP11=TEMP7+NM

TEMP14=TEMPEM

TEMPL1=ABSCTEMP11)48. 7

IND3I=INTC(TEMP11)

TEMPL4=FRS(TEMP14240. 7

INDA=1INT CTEMP14)

INDEX1=INDA1+IND4

INDEX2=1INDEX1+784

INDEXZ=IND2+IND3

INDEX4=IHDEX3+784

INDEXS=INDEX1+1568

INDEX6=] IDEX1+2352

INDEX7=INDEX3+1568

INDEXS=TNDEX3+2352

TEX4=CFEDISCINDEX1>

TEX2=CFEDIS{IHDEX2)

TEX3=CFEDIS(INDEX2)

TEX4=CFEDIS{INDEX4>

TEXS=CFEDIS{TNDEXS)>

TEX6=CFEDIS(INDEX6E>

TEX?=CFEDIS{INDEX?)>

TEXB=CFEDISCINDEXS)

TGEDA=GED{L, 1, K, L- M, N

TGEDZ=GED(2, 1. K. L. M. N>

TGED3=GED{1, 2, K- L, M, N>

TIEDA=GEDCZ, 2, K, L, M, N> .
TPISA2=TFIS12+TEX1*TGEDA+TEX2ATGED2+TEXR+TGED3+ TEX 4| "ED4
TPISRA=TPISRA+TEXZATGEDL+TEXI *TGEC L+ TEX4*TGEDI+ TEXX#TGEDS
TPISS=TPISS+TEXS*TGEDL+TEXS*TGEDZ+ TEX7*TGEDZ+TEXE4TGEDY
PEDCL. 1, K, L, M: RD=FEDCA, 1. K, Ly M HO+TEXIATEMPL1 2+ TEX2*TEMP2 4+ TEXSTEM
2P3

PEDC2, 1, K, L, M, NO=PEDC2, 1, K, L, M: NDATEX24 TEMPLZ+TEXA*TEMP 24+ TERE+TEM
2PS

PEDCL, 2, K, L, M, ND=PEDCL, 2, K, L, M: N+ TEXI*TEMPL1Z+TEX4+TEMPI4+TEX"*TEM
4P5

PEDC2, 2, K, L, M, ND=PEDC2, 2, K L M N+ TEXSXTEMPALZ+TEXZ*TEMPZ4+TEXS*TEM
SPS

4677 CONTINUE
4578 CONTINUE
4679 CONTINUE

4680 CONTINUE RiG
PISCA, KK, LL, MM, NND=PISCL, KK L, MM, NND+TFIS12 : I\ €L FAGE
PISC2, KK, L L, MM, NND=PIS(Z, KK, LL, MM, NN +TF1S34 F‘zﬁXmR QU i3

PISCR, KK, LL, MM, NND=FISCE. KK LL, MM NHD+TRISS

4681 CONTINUF

c

4582 CONTINUE
4482 CONTINUE
4esd CONTINUE
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END EDGES ON INTERSECTION SQUARES AND VICE VERSA
START EDGFS ON MAIN GRIDAFIIM T & U AND VICE VERSA

RENIND 22 .
READC2ZH)CFEDTU

DO 47032 LL=1.4
TEMPA=7. 5-16%.)

DO 4702 NN=1.8
INDA==C15xL L +NND
TEMP2=TEMP1-2+NN

DO 4701 MH=1. 2
TEMPI=MM+7. S

TEMP4=1. 52«

DO 4702 KK=1.,4
TEMP3I=TEMP2-16
TEMP4=TEMP4-4

DO 4699 N=1., 8
IND2=TND1+N
TEMPS=TEMF3-22N
IND2=IND2+15
TEMPO=TEMPS+14
IND2=14%IRBSCIND2)
TEMPEe=RBRSC(TEMPS)Y+A. 7
INDE=INT{TEMPS)+25¢8
DO 4697 M=1.,2
TEMP7=TEHP2+11
TEMPES=TEMF4+M

DO 4698 K=1.4
TEMF?=TEMP7T+16
TEMPE=TEMF&+4
TEMPO=ABS{TEMF?)>-8. =
THDS=02x TNTCTEMPS)
TEMFLO=RESCTEMP2)+0. 7
IND1G=-INT{TEMHP1O)
INDEXL=INDZ+IND1B
INDEXZ= TNDEX1+742
INCEXZ=THDEX1+1484
INDESA=THDEXL+2226
INDEXS=INDS+IHDLD
THDERS: TNDEXG+31.36
INDEXF=INDEXD+E272
INDEXS= INDEXG+3408
TEX1=CFEDTULIHNOENL)
TEXZ=CFEDLTLIC TNDER2)
TEXZ=CFEDTUCINDEXE)
TEA4= CFEDTUCTHDEY S
TEXS=CFEDTUC INDEXG)
TEXG=CFEDTLUL IHDEXG)
TEAT=CFEDTUC THUEXT >
TEXB-CFEDTLI INDEYS »
DO 4ess 11=1. 3
TEMPLZ=0OTIN T, 4. kK. LL MH, MM
TEMPAZ=00 @
TEMPALGTUHCLY . 20 FES LT MM, NM
TEHF LS00, 0

GO 494 14, F
IFCY EQ 200G JO A0R9
IFCIY, ECL 2060 T 4ngs
IFCTI. E&L 3260 TO dnke
TEMPLE- TEMPIZ+TER vk Dy I A b L ML NOATERDHGEDRC T, 2, Ko L M. ND
TEMRINTEMPLLTEAGEOEDCL, 4, K L ML N2+TERSY +OFLC T, 2, K, L M, N
FEDCY, 1L P P NDSFEDC L 40K L, M HD$TFSL4TEMF L2+ TEXS+TEMH 14
FEDCT, A bo Lo M HY=REDCT, 20 Fo Ly bl MO+ TESTATEMPLZ+TEXIATEMPLY
G0 10 469
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4683 TEMPA3=TEMPA3Z+TEX2+GEDCI, 1, K, L, M ND+TEXE*GEDCL, 2, K, L. M. D
TEMPAS=TEMPAS+TEXE*GEDC], 1, K: L, M, N> +TEX2+GEDCI, 2, K, L N, N)
PEDCI, 4, KL L M NO=PEDCT, 4, K L M NO+TEXZ2*TEMPL2+TEXS*TEMPL4
PEDCI, 2: 1L L, M, NO=PEDC], 2, K L, M: NO+TEXE*TEMPLZ2+TEX2*TEMP14
GD TO 4654 - -

4686 TEMPAZ=TEMPA3+TEX3*GEDCI, 1, K, L, M, N)+TEX7+GEDC]I. 2. K, L, M. N>
TEMPLS=TEMPAS+TEX7*GED(I, 1, K, L, M: ND+TEXSZ+GEDCL, 2, K, L, M, N)
PEDCI, 1, K L, M ND=PEDCI, 1, K. L, M: NO+TEXI*TEMPL2+TEX7+TEMP14
PEDC", 2, K, L. M, NO=PEDCI., 2, Il L, M, NO+TEX?*TEMPL2+TEX3*TEMP14
GO ° - 4694

4689 IFC { EQ 1)G0 TO 469 .

IF<, 1. EQ. OG0 TO 4691 :
TEMPAS=TEMPAR+TEXL*GEDCI, 1, K. L, M, ND+TEXSAGEDLC], 2, K, L, M, N)
TEMPAS=TENPLS+TEXSHGEDCI, 1, K, L, M, N>+TEX1+GEDC], 2. K. L, M, N>
PEDCI, 1. K. L, M: NO=PEDC], 1, K, L, M, NO+TEX1*TEMPL2+TEXS*TEMP14
PEDCL, 2, K. L: M. ND=PEDCI. 2, K, L, M, ND+TEXS*TEMPL2+TEX1*TEMP14
GO TO 4694

4690 TEMPAZ=TEMP13+TEX2*GEDCI, 1, K, L, M: ND+TEXE4GEDC], 2, K, L, M, N
TEMPAS=TEMPLO+TEXE*GED (], 1. K. L, M, NX+TEX2*GEDCI, 2, K, L. M, D
PEDCL 1. K, L M: NO=PEDCI, 1, K, L, M, NO+TEXZ2*TEMP124TEXSTEMP14
PEDCL, 2, K L, M, NO=PEDCT, 2, K, L M D+ TERETEMPL2+TEXZ2*TEMP1I4
GO TO 4694

4691 TEMPAZ=TEMPAZR+TEX4»GEDC(I, 1, K; L, M; ND+TEXS8*GEDC], 2, K, L, M, N
TEMPLL=TEMPAS+TEXS*GED{I, 1, K: L, M, ND+TEX4*GEDCI, 2, K, L. M, N>
PEDCIL, 2. K. L, M, NO=PEDCI, 2, K, L. M. ND+TEXS*TEMFAL2+TEX4+TEMP1L4

4624 COMTINUE
PTUCTT, 1., KK, LL, MM, NN>=PTUCIT. 4, KK, LL, MM, NND+TEMPAR
PTUCIT, 2, KK. LL, MM, NHD=PTUCI I, 2. KK. LL, MM, HND*TEMPLS

4695 CONTINUE

4696 CONTINUE

4657 CONTINUE

4698 CONTINUE

4699 CONTINUE

470 CONTINUE

4761 CONTINUE

4782 COMTINUE

4703 COMTIRUE

END EDGES ON MRIN GRID/FILM T & U AND VICE VERSA

START MAIN GRIDAFILM T & 4 ON INTERSECTION SQUARES RAND VICE VERSA

oOOOMO

REMIND 23
READCZ4>CFTUIS
L0 4721 Li=1.4
TEMP1=7. S=16+LL
DO 4728 MN=1. 2
TEMPZ=TEMPL+MN
THD L == CEALL+HND
DO 47159 Ki=1, 4
TEMP2E=7. S-1n+kK
DO 4747 MM=1, 2
TFMP4=Mit+TEMF3
IND 2= KK+ )
PO 4747 N=1, &

TEMRS=TEMPZ-24N

TEMFE=TEMP4-24N gRIGINAL PAGR 13
DO 4716 L=1. 4 F POOR QUAMTY
TEHPT TEMPS+1 6

TEMFE=TEMPE+1r
TEMF?F=ARSTUMPG -0, 3
IHL7=1 % INTC TEMF? 2 +1
TEMFE- ABSCTEMRFE -0, 2
JUDR=LI+ INTCTFMFEr+1
[N i R & I =y

A-35
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TIND3=INDLHM

IND4=TND2+1

DO 4714 K=1. 4

IND2=IND2+3

IND4=IND4+3

IND3=IABSCIND3)

INDE=IABSCIND4)

INDO=INDE+IND?

INDL1E=1INDS+INDS

DO 4712 11=1.3

TEMP12=GIS(II1. KK, LL. MM, NND

TEMP13=0. 6

D0 4712 1I=1,2

IFCI. EQ. 2. OR. I1. EQ@ 2)G0 TO 4704

IND11=€16

IFCI. EQ. IDINDLIL=6

GO TO 4765

IND11=1848

IFCI. EQ. 11>IND11=0

IFCI+IC. EQ. 42 TND11=1232

INDEX1=IND9+IND1L

INDEX2=IND16+IND1L

TEXA=CFTUIS{TNDEXL >

TEX2=CFTUISTHDEX2>

TEMPI3=TEMPLI+TEXA*GTUCT. 1. K, L. M, N> +TEX2%GTUCI, 2, K, L. M. N
TUCT, 4, Ka Lo Me HO=PTUWCT, 1, Ko L, M NX+TEXIATEMPLZ

FTUCE, 2: Ko L M ND=PTUCIL 2, Ks Ls M. HO+TEXZ2*TEMPLZ2

CONTINUE

FISCII, KK, LL, MM NND=PISCT T, KK, LL, MM NND+TEMPLS

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTITHUE

CONTINUE

CONTINUE

EHD MAIN GRIDASFILM T & U ON INTERSECTION SQUARES AND VICE VERSA

FFHTHD 2
FETURN
END
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SUBROUTTNE PLEINFC(X V. Z, A, B. POTLD

TEMP2=XxX 4+ 4+Zn2

IF(TEMP2. GT. @. 16E~-3)60 TO 6882

IMAX=18

JMAX=10

SuM=a

IFCA LT, @ 1E-2) TMRX=1

IFCB LT B 1E-2)JMAX=A

TEMP1:=Y+8, 95»B

TEMPI=M+0, S5%R

TEMPS=TEMPZ-0. 1+A*x]

DO €@l =21, IMAX

DO €600 J=1. IMAX

TEMPSE= TEMF1-Q. 12B+xJ

TEMPF=TEMPE+TEMFE+TEMPSRTENPS+2%2
=CRRT{ TEMP? )

SUM=SUM+1-R

CONTINUE

CONTINUE

FPOTL=(SLIM+@. 8937 7EL10) / CIMAXEIHAKD

GO TDh 6403

TEMP2=SRFETCTEMF2)

POTL=6. SSSPTEABATEMF2

RETURN

END
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P5072SIC

PROGRAM YO CH.CtLﬁTE LERAM EXFERIMEMT SENSOR Iﬁm COEFFICIENTS

DIMENSION CFHN(S678), CFMSFH(5194), CFTUFHC24364), CFEDGH(10682)
DIMENSION CFPFINCI@976), CFFMFM(2809), CFTUFNC8584). CFEDFM(3936)
DIMENSION CFISFM(9408), CFTUTU(18593), CFISIS(E05), CFEDEDC7438)
DIMENSION CFEDIS¢32A36), CFEDTUC1S512), CFTUIS(2464)

EQUIVALENCE <(CFMMC1), CFMSrn(1), CFTUFWCL) CFEDGH(1 ), CFPFIWCL), CFFWF

2M<1), CFTUFMCL), CFEDFMCA), CFISFMCL), CFTUTUCL), CF1SISC4). CFEDEDC(1). C

————

OO0

20nt
2601
2092
200z
2094
26as5

IFEDIS 1), CFEDTUCA), CFTUISCL))

DO 2005 K=1.4
Ti=0. @
IFCK HE. 10T1=1
TEHP1=6. 82921 %K~0. 851435
INDL=134F-3515
MLM=1
IFCK. EQ. 2 2MHMAN=7
DO 2664 M=MMiN, 13
T2=T1 ,
JIFCH NE. 72T2=1
X=TEMP1+0. BB3Z175+*M
IND2=THO1+M
DO 26632 L=1,4
T2=T2
IFCL. NE. 1)T3=1
TEWFP2=8. 2921+ -0, 65461
INDZI=S20%L +THD2
NMiH=1
IFCL. EQ. 1 DNMAN=
O 2002 N=NMiIN. 15
T4=T3
IFCN NE. 85>T4=1
Y=TEMP2+0, 063175xN
THDA=INDI+94ExN
DO leed I=1,2
Z=0. A02946«x I-1)
INDEX=TND4+2428*]
IFCT4+1. LT. L. §»GO TO 2000
CRLL INFLCFC(K, ¥, 2.9 A, 0. 893175, 6. 803L7S, 8. 6, COEFF)
CFWWC INDEXY=COEFF
GO TO z0al
CFHMCINDER»- 0, @
CONTIMNUE
COHTINUE
CONTIRUE
CONTINUE
CONT IMLF

.

WIRE D WIRE WITH J=JJ (OMPLETED, NUMBER OF COEFFS = 4276
START NEXT ON WIRE OH WIRE WITH J NOT EQUAL. 10 JJ

DO zvleg -1, 4
TEMPA: v, G291 # ~f 526220
INF A7 e ed
NS N L
IFCL ECL A oNFIIN= 8
DO B0 H=NMAIN, 14
A= TEHP LR, Qg FOvN
IHDZ. THD N
DO 20RE K=1, 4
TEMP -6, B0921 wk-6 O5368220
THDZ=aRmwk+ FH2

ML =1 A-38
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CIFCK. EQ. 10MMIN=8
DO 2007 M=MMIN, 14
v=TENP2+0. 0B3175+M
IND4=IND3I+49M
DO 2006 1=1.2
Z=0. BB29464#{1-1)
INDEX=1ND4+2401%1 -
CALL INFLCFCX. Y. 2:0.0, @. 6A3175, 0. 0. 0. 8231735, COEFF)
CFHHC INDEX > =COEFF
CONT INUE
CONTINUE
CONT INUE
COHTINUE
COHTINUE
HWRITE(S. 3106
HRITEC6E, 3006 CCFWNCID. 1=3, 9678, 129>
WRITEC42) CFUWW
END FILE 12

fLL NIRE ON WIRE INFLUENCE COEFFS, CFHH'( 3, COMPLETED. TOTAL NUBER = b v
START NEXT OH FILM MAIN SQUARE ON WIRE CFMCSWC 3. GRID 1,FIRST,GRID 2.

DO 2015 K=1,4
TEMP1=0. P2321%K-0. a5308225
IMDA=14%K~-3745
MidiN=1
1ECK. EQ. 1)MMAN=8
p0O 2614 M=MMIN, 14
=TENPL+6, BRI175*M
INDZ= INDL+M
DO 2e1x L=l 4
TENP2=H, 29214.-0. 85461
IHDZ= TND2+ 73540
N1
1F<L. EGL A DNMIN=R
DO 2612 N=NMiN, 15
Y=TEMP2+6, BEZ1I7TOHN
IHDd = THD I+ 34N
po 2611 I=1, 2
=@, 01264920, 082946441
IHDER= THD4+ 2597 T
CALL INFLOFCL Y. 2. @ 0, 6. BO3ATS. 8. AB3175, 8. @e34175, CUEFF)
CFMSFIC THDEX »=COEFF
CORTINLIE
CONTINUE
COWMTINLIE
CONT TNUE
CONTINUE
WRITE (R X100
METTE S, XA (EFHSFNCT 2, =2, 5194, 890
WRITFCL CFHSFH
ENME: FILE 12

ALl MATH SEUARE FIVM ON WIFFS COMPLETED. TC‘TH.L NUMBEF = D194

STHRET MEXT ON GFRID SUFFORT STELN LurE, TOF AT UNDERIIDES AND ECQUIVAHLENT
FILM ELEMSHTS, OW MIFeS CFIUFWY 2, CASF J=J1 FIRST

OO 2Rzd kel
TEMES =i AzaLei-0 O57V467q
TEMPZ=1 A#b =T U

DO 266 ML, 7 ORI 1

TEME ™ 1F 140 =61, GRC 7L OF GINAL PAGE IS

TEHEA: 167 F=ia il POOR QUALITY
MR-
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IFCK. EQ. 1)MMAX=1
DO 2049 M=1, MMAX
X=TEMP3+0. 027305+M
TEMPS=TEMP4+M
TEMPS=RBSCTEMPS)+0. 7
IND1=INTCTEMPS)>=-3724
DO 2018 L=1.4
TEMP5=0. 82921+ -3, 85461
IND2=TND1 +735%L
NMIN=4
IFCL. EQ. 1)NMIN=8
DO 2017 N=NMIN, 15
VTEMPS+0. 0031 75+N
INDX=IND2+4 54N
DO 2045 I=1,4
2=0.0
IFCI. EQ. 2)Z=0. 0629454
IFCI. EQ. 3)Z=0. 6697028
IFCL. EQ. 4)2=0. 6O67564
INDEX=IND3+2527 1 .
CALL INFLCFCX. Y, 2, 9. 0, 0. BA3175, 0. 803175, 8. 961905, COEFF)
CFTUFKC INDEX)=COEFF
CONT INUE
CONTINIE
CONTINUE
CONTINUE
CONTINUE
CONT INUE

GRID SUPPORT STRUCTURE., TOP AND UNDERSIDES, AND EQUIVALENT FILM ELEMENTS ONM
WIRES WITH J=JL. COMFLE ED. CFTUFHWC . TOTAL NUMBER =1838%

START NEXT ON CFTUFMC OFOK J NOT EGUAL TO JJ

DO 2027 L=1,4
TEMP1=8, 829214 ~@, 8530225
TNDL=1 44 +7598
NMIN=1
1FCL. QL 40NHIN=8
DO 2026 hL=NWIN, 14
K=TEMP1+6. GAZ1754N
IND2:- IND1+N
DO 2625 K=1, 4
TEMP2=0, AZ9214K-9, O55AS
TEMP =1 6xk—§. 5
MMAR:-2
IF7K. ERL 1)MMAK=1
L0 2624 M=1, MHRY
TEHP4=TEMP+6, B2730%+N
TEWPG-TEMPI+M
pO 2823 NHe1, 8
¥z TEMP4 =0, G2 7S+HN (bgk;
TEHFE=TEMPG= 24NN Op WQ
TEMPo=dG*ARE “EHPE I +6, 7 Loop“ 24
IND3=THNDZ+ INT CTEHFE) R o Gp I
PO 2022 I1=1,4
Z=0. @
IFCT. EQ 222800 vz éd
IFCT, i 3075 6 005 s
TFCL EQ. 49726, YW 7Lnd
INLE R THi 57 et o]
CHLL THFLOF O %, 2, 8, 0, 8, 600 70, 0, GR1a0s, 6, 0671750, CAEFF )
CFIUFMC THDE K5 =0 1 EFE
CONT LI
CONY THUE
£ ONT I HF
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2025 CONTINUE
2026  CONTINUE
2027 CONTINUE
HWRITECE, 3168>
HRITECE, 000> CCFTUFNCI), I=4, 21364, 7 9)
WRITEC12) CFTUFW
END FILE 12

fALL CFTUFNC > COMPLETED. NUMBER IN THIS BLOCK = 1@9576. TOTAL = 21364

OO0 0

START NEXT ON PLATE EDGES ON WIRES WITH J=JJ. CFEDGW<

DO 2832 K=1.4
TEHP1=0. 82921+K~-8. 834641
TEMP2=34%K~7. O
DO 2632 MM=1,7
TEMPE=TEP1-6. BO3175+MM
TEMP4=TEMP2-2%MM
MMAX=2
IF<K. EQ. 10MMAK=1
DO 2031 M=4. MHAX B
K=TEMPI+B. B254*M
TEMFS=TEMF4+M
TEMPS=RES(TEMRS)+0. 7
INDL=TLT(TEMFS>-3724
DO 2431 L=1.4
TEMPS=0, 02921* -0, 65461
IND2=TNDL+735%L
NIMIN=1
IFCL. EQL 40NMIN=8
DO 2@29 N=HMIN, 15
Y=TEMPO+E, 0B3175+N
IND3=]IND2+49%N
DO cuzs I=1, 2
250  BzI4ed#(I~13
INDER=TNDZ+2597%]
CALL TNFLCFCX: ¥, 2, 8. 0, 6. 8A3175, 0. 6a3:175, 0. 8, COEFF)
CFEDGWCINDEX, »=COEFF
2028 CONTINUE
2029 CONTINUE
2036 COHTINLE
2031 CONT INUE
2022  CONTINUE
2033 CONTINLE

PLATE EDGES ON WIRES WITH J=JJ COMPLETED. NUMBER OF COEFFS = 5194
START NEX™ {1 PLATE EDGES OM WIRES WITH J NOT EOUARL TO JJ. CFEDGWITSL9S OMD

aoOO0n

DO 2035 1L:=1,4
TEMP1L=6, 62321%L.-9. 65260225
TEMFZ=4d%L-21. T
HMIN-L
IFC. ECQ A DM N=R
DO 2032 N=HMIN. 14
XK= TEMP 0. ARE VTN

TEMF = TER+N

TEME: ARSY VEMPLD$ 26, 2 QRIGINAL PAGE 18

DO T Kl d OF POOR QUNATY
TEMPR 1, D28 rk~0, BLs 6 OF

TEMF = rivpk =82 %
P 200 N )3
TEMP e TEMEE-6, Qe el
TEMES. TREF =24 NN
PR 2
TFCE EM S dMMAK=1

R-41



BSR 4234

DO 2035 M=1, MMAX
Y=TEMPS+0. 8254%M

TEMP?=TEMPE+IM
TEMP7=49%ABS { TEMP?)+TEMP3
INDA=INTCTEMP?) o+

DO 2034 I=1,2
2=0, DP29464#(1-1)
INDEX=IND1+2744%]
CALL INFLCF(X.¥.2Z,0. @, 0. 603175, 0. 0, 6. 803173, COEFF)
CFEDGWCINDEX)=COEFF

2034 CONTINUE
2035 CONTINUE
2836 CONTINUE
2837 CONTIMLE

2038  CONTINUE
2039 CONTINUE
WRITE(S, 3100)
WRITE<E, 3000) (CFEDGNCI Y, I=2, 18582, 895
HRITEC122 CFEDGW
EMD FILE 1o

ALL PLATE EDGES ON WIRES COMPLETED. TOTAL. OF CFEDGMWC > IS 10€82
START NEXT ON PLATE/FILM INTERSECTION SQUARES ON WERES. CFRFIWC O

OOO000

DO 2046 K=1,4
TEMP1=6. @2921%K-0. AS74675
TEMP2z14%k~7. S
MHAX=2
IFCK EQ LOMMAX=1
DO 2845 M=1, MMAX
TEMPZ=TEMP1+Q, €27205+1
TEMP4=TEINP2+M
DO 2@¢id b=, 7
X=TEMPZ-&. @031 75k
TEMPS=TEMPd--2%MM
TEMPD=ARSCTEMPD >
DO zo4x L=1,4
TEMFS=@. 82321 -0. A0HER
TEMP7=1E+vi-8 5 )
N4Fy =2
IFCL. EQ. 1 oMeW=1
DO 2845 =1, NMAX
TEMPE=TEMFE+0, ASTEO5N
TEMF9=TFMPT7T+N
DO 2049 NH=1, &
Y: TEMPS-6, 8671 7O+NN
TEMP L0 TEMF9=-24NN
TEMFLO=d2RRCTFMF O+ TEMPS4D, 2
INDL=INTCTEMRI R ~27e8
O 2ede 1=1, 4
20 @
IFCY. Bl 2928, anz%ded
IFCT. EQ 3)97=6 037025
IFCL RO 4020, w7054
INDES=THL 470441
CARLI. INFLCFL X, %, 7, 3. 6, 0. A831 75, 6, 001565, A, Aa19a5, COEFF )
LEFPFFINCYHDES b= CORFF
240 CONT THLUE
s CONTINUF
ond > CondT YHUF
SO COMT IMHIF
hrled ColdT T M
TN [NORTENET S ]
Finle o FT VR IR
(TR | EENCSPRCR TSR )

A-42
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WRITECE, 2008, (CFPFINCI), I=11, 18976, 129)
WRITECL2> CFPFIN

END FILE 12

ALL PLATE/FILM INTERSECTIOMNS ON LTRES COMPLETED. TOTAL OF CFPFIWC )>=10976

ALL CONTRIBUTIﬁNS TO WIRES HAVE BEEN COMPLETED. NUMBER OF COEFFS « 894

START NEXT ON CONTRIBUTIONS TO FilM MAIN SGARE ELEMENTS. NOTE THAT CONTRIBU

TIONS FROM WIRES ARZ THE SAME RS FILM ELEMENTS TO WIRES
STARY OF FILM MAIN SQUARE ON FILM MAIN SOURRE * CFFMFM¢ >

DO 2651 K=1, 4
T1=0. 0
IFCK. NE. 1)T4=1
TEMP=6. 2921 +K-0, 054 71
INDA=15+K~1241
MMIN=1
TEOK. EQ. 1)MMIN=S
DO 2657 M=MMIN, 15
Tz=Ti
IF (M. NE. 8)T2=4
K=TEMPL+E. BEZLTSN
INDZ=INDL+M
DO 2049 1=1, 4
13=72
IFCL. NE. 1TI=1
TEMP2=6, 8292141 ~6. 65461
INDE=IND2+ 795+
NMIN=1
IFCL. EQL 4XHMIN=8
00 2648 N=rRYIN, 15
Ta=Tx%
IFCN. NE. 8>T4=4.
Y=TEMPZ+0. BAZL7S+N
INDEZ=THhD3+524N
IFCT4. LT, 6. S5)50 TO 2047
TEMPI=0. GAR17S
CALL THFLOFCK, Yo 8. 6, TENPZ, TEMFS, TEMPZ, 1FHPS, COEFF )
CRFMFH . THEE X ) =COREF
GO TO 284&
CFEMFIMC TNLE R =6, @
COPT 1HLE
CONT THUE
COMTIMUIE
CONTIMLIE
WRITECS, 3ia0; .
METTECS, 3008 CCEEMPMLT ), 1=, 2609, 19)
HRITELL2) (FFMEM
END FILE 12

g

FILM MATN SOUARRE ON FILM MATH SQUARRKE COM TED. TOTAL CFFMFMC 0 = 280

START HFYT W GRID SUPPOFT STRICTURE. TOF ANO UNDERSTUES. AMD Fral] RALENT
FILM ELFRIENTS 04 FILM MARIM SOUARRE  ELEF SIS CFTURMY O

DO 26057 =14

TEWMFI =3, A2+ ~-0 A0SR

AL SIS Y - ]

M 2

IFCk EfL 1 oMiARK=1

DO 0% M=4, MMAS
TRHFZL TEMF i, 027205«
TELIFt- TEMF 2+
eI e L PR LR B I
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HK=TEMP3-Q. BD217S*MM
TEMPS=TEMP4-2+MM
TEMPS=ABSCTEMPS)+0. 7
INDA=INT{TEMPS)-4256
DD 2854 L=1,4 .
TENPS5=0. 02921+ -0. 65461 -
IND2=INDri +840%|_
NMIN=1
IFCL. EQ. 1 )NMIN=8
DO 653 N=NMIHN. 15
U=TEMPI+A. ~..s175"
- S DI=IND2- & N
- DO 28652 I=41,3
- L N
IFCI. EQ. 2)Z=0. 6857428
IFCI. EQ. 2)Z=0. 8B57564
THDEX=INDI+Z968=]
TEMPG=0. 0AZ17S
CRALL INFLCF(X. ¥, Z, TEMPS, TEMPG, TEMPS. B. 8981965, COEFF)

. CFTUFM{INDEX>=COEFF
8352 CONTINUE
2852 CONTINUE
2854 CONTINUE
2055 CONTINUE
265s 7 HTINUE
2657 CONTINUE
HRITE(S, 2106

WRITECS, 3800 (CFTIFMC I, I=4, 8504, 89)
WRITE{12> CFTUFM
END FILE 12

GRID SUFPORT STRUCTURE. TOP RHD UNDERSIDES AND EQUIVALENT FILM ELEMENTS ON
FILM MAIN SQUARKE ELEMENTS COMPLETED. TOTAL CFTUFMC > = 8904

START HEXY GRID EDGES ON FILM MAIN SGUARE ELEMENTS. CFEDFMC )

OO0

DO 2863 K=1,4
TEWP1=0. 02921+k-0. BSZO2ES
TEHP2=164K-8, 5
MMAX=2
TF CH. EQ. 1oMMAX=1
DO 2662 M=1, MMAX
TEMPX=TEHPL+6. B254%
TEHP4=TEHP2+1
DO 2as1 WM=1, &
STEMPI—0. G021 75+HM
TEMFS=TEMPA-2%HM
TEMPS=ABSCTEMPS ) +@, 7
INDL=INTCTEMPS ) —4 256
DO ZBes L=, 4
TEMPS=8, 67924 +1.~0, 65451,
IND2= INDA+E4Bm.
NI T N=1,
IFCL. E@ 10HMIN=&
DO 2659 N=NHIN, 15 s
Y=TEHRS+2, HA%LPS+N
TN = THDF 450N ORIGINAL PA! GE
DO PENE T=d, 2 OF POOR QU
T8, GOGPGRER
TECL, b0 2070, BAn7sad
INDE S TN 5908 ¢ ]
TEHRF. 5, BEH) 70
CHLL THRLEF O, ¥ 20 TEHFE, TEMER, TENE, 6. 0 COEFF »
CERDEHL TN - COkFE
Pe iRt CoY 1My
o CONTTNIE
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CONTINUE

CONTINUE
CONTIN'E
CONTINUE

HRITE(E, 2108
HRITECGE, 3000) (CFEDFMC(I), I=11, 5936,79)
" WRITEC12)> CFEDFM

END FILE 12

GRID EDGES ON FILM MAIN SQUARE ELEMENTS COMPLETED. TOTAL CFEDFM(

I=35936

STAR' NEXT INTERSECTION SQURRES ON FILM MAIN SQUARE ELEMENTS. CFISFM( >

b0 28676 K=1.4
TEMP1=0. B2921»K-8. &5588
TEMP2=16*K-8. S

MMAX=2

IFCK. EQ. 1O)MMAX=1
DO 2969 M=1. MHAX
TEMPZ=TEMNPL1+0. 6273uSxM
TEMP4=TEMF2+M
DO 2068 MHM=1.8
K=TEMFZ-0. BAZ175+MM
TEUPS=TEMP-2%bM
TEMPS=RARS(TEMFS>+0. 7
INDA=INTLTEMPS)
DO 2067 L=1.4
TEMNPS-0. 22921xL -0, 85588
TEMFEe=16*l -5 &
NMRX%=2
IFCL. EQ. 1 0HMAX=1
DO ZAes N=1, NMAX
TEMPF=TEMPS+2. 27 305+N
TEMP3=TEMFE&+N

DO

2065 NN=1.8
=TEMF7-8. 8031 75+NN
TEMPO=TEMFPS-2+HNN
TEMPO=RES{TEMPI)-@. X
IND2=TNDI+SGH INT(TEMFSY
DO z2ed I=4.Z

=3 &

IFCI EQ. 3)5=0. @Ean7az2s

IFCI BEQ Xp2=H aBe7Sed

INDFR=THDZ+ 3438+ C1—10

TEMP3=@, 6R3Lv0

TFMPY =i B DA%

CALL INFLLF O 9. 72, TEMPS. TEMPS, TEMFLO, TEMFLG, COEFF

CFISFMOINDE SO =COEFF
CONTTHUE

LONT INUF

COMT

THUE

CONTTHLUIE

CORTINUF
CONTIRUE
COMT IHOE

WRITF (O, 2100
MMTTF YL 30005 VIR TSR MO T D, 128, S40E, 470

WRITE L2y CF
EWD FILE 12

T5FM

IMTEPSECTION SOUARRES oM FTLM MRTH SOUARRES COMPLETFD. TOTAL CFISFME o =9408

STHET HENY ON PLATEAFILFL T AMD U ON FLATEAFILM T ANR U CFTUTUC DFOR J=JJ

PO 2076 kel
Td= 6. O

4
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IFCK NE. 1)T1=1
TEMP1=0. 02521+K-0. 68382
INDA=3+K-848
MMIN=1
IFCK. EQ. 1OMMIN=2
DO 2875 M=MHIN. 3
T2=T4
IFKM NE. 2)T2=1
X=TEMP1+8. B27385+M
IND2=1IND1+M
DO 2674 L=1,4
T3=T2
IFCL. NE. 1)>T3=1

TEMP2=0. 02921+ -8. 85451

IND3=IND2+165%L
NMIN=1
IFCL. EQ 1ONMIN=8
DO 20732 N=NMIN, 15
T4=T3
IFCN. RE. 8>T4=1
Y=TEMP2+8. 803175*N
INDI=TND3I+14aN
DO 2672 I=1.5
Z2=0. 06

CFTUTUCINDEX»=8. 8
CONTINUE
CONTINUE
CONTINUE
COHNTINUE

CORNTINUE

ALl J=1J PLATEZFILM T AND Lt ON FLATEZFTLM T AND U COMPLETED. NUMBER
START HEAT ON SAME FOR J NOT EQUAL TO JJ. CFTUTUC >

IF(I. EQ. 2)2Z=0. 68015249
IFCI. EQ. 23)Z2=¢. 6029464
IFC]. EQ. 4>7=0, 8037828
IFCI. EQ. 5X2=0. B&7564
INDEX=IND4+5832x1

IFCT4+1. LT. 1. S>G0 TO z671
TEMPZ=6. 01985

TEMP4=0. 883175

CALL INFLCF<X. Y. 2, TEMPZ2, TEWP4, TEMP4, TEMPX, COEFF?

CFTUTUCITNDEX »=COEFF
GO TO 2872

DO 20832 L=1, 4
TEMPA 0. 2921 *L—0, OR254
TEMPZ=16%L -2 5

FirMfR=2
IFC. FQ.
N 2082

A 2PMMMAE =
RIRES WYL R1SHY

TEMPFX: TFHPL-6. 027305 MM

TEMP4: TEMP 2+

DO 20 3.8
H=TEMF T+, GO V0N
TEMFO=TEMP =2 +N
TEMFLeRRAECTEMFS 1451, 7
IHEA -~ TNT L TEMPD =22
DO POED K=, 4 '

TEMFGi=@. 823210 -0. alhNas
TEMFR=LE -5 G

tIRY: 2

IFCK. BQ L akMFs ="

DO 26V M= AN
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TEMF /= TEMPO+0. U7 SBorn
TEMP8=TEMPS+M
DO 2078 NN=1.8
VY=TEMP7-0. 003. "S*NN
TEMPO=TEMPB-2+¢NN
TEMPO=ABS(TENP9)-0. 3 ..
IND2=IND1+56=INTSTEMPS)
DO 2077 1=1.5
2=0. @
IFCI. EQ. 2)Z=06. 0861524
IFCI. EQ 2)Z2=0. 6829464
IFCI. EQ. 4>Z=0. e397028
IFCI. EQ S5)Z=0. 8057064
INDEX==IND2+3136%]
TEMPS=0. 601965
TEMP16=0. 883175
CALL INFLCF(X VY, 2, TENPS, TEMF1@, TEMPS, TENF10, COEFF)>
CFTUTUCINDEX >=COEFF )
CONTINUE
COHTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
WRITE<S, 1080
WRITECS, 3060> (CFTUTUCI), I=3, 18595, 83)
WRITEC12> CFTUTU
END FILE 12

ALL PLATEAFILM T AND U ON PLATE/FILM T AND U COMPLETED. FOR J NOT EQUAL TO
JJ NUMBER IS 15680. WITH 2315 FOR J=JJ TOTAL CFTUTUC > =18595

START NEXT ON INTERSECTJON SQUARES ON INTERSECTION SQUARES. CFISISC O

DO 2089 K=1.4
Ti=0. 0
IFCK NE. 10T4=1
TEMP1=8. 62921xK-@. 82382
-IND1=3#K=12
MMIN=J.
IFCK. EQ. 1D2MMIN=2
DO 2688 vi=MMIN. 2
T2=T1
IF{M. NE. 20T72=1
X=TEMP1+E. B27305+M
INDZ= THNP L+
DO 2687 L=1.49
T3=T2
IFC. NE. 1273=1
TEMP2=&. 82371 +L-0. BR2&2
INFE= THDZ 4330
NITN= 3.
IFCL. FQ A SHMIN=&
DO 2o8e N=NHTH, 3
T4=-T%
TFCH NF. 20T4= 1
Y TEMP . +0, (00N
INDs: JHIGE+3 T4
[ RTLIE SO o )
20 B
IFCT. EQL 207=0" 006524
IF¢] ER ZhZ=0, OR59454
IFCY, FoL 4270 GR37vhsa
TECT, FOL D7 =6, A7 Ted
THDEX=THDd+] 20+
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IFCT4+I1.LT. 1. 5>GO TO 2884
TEMP3=0. 281265

CALL INFLCF(X Y, 2, TEMPS, TEMPZR, TEMPZ, 1-"MP3, COEFF)
CFISISJINDEX)>=COEFF

GO TO 288S
CFISISCINDEX)>=0. @ "

CONTINUE

CONT

INUE

CONTINUE

CONTINUE
CONTIHNUE
WRITE(S, 21

aa>

WRITE(E, 2@00>(CFISISCID, I=5, 685, 12)

WRITECL12)

CFISIS

END FILE 12

INTERSECTION SQUAYES ONINTERSECTION SQUARES COMPLETED. TOTRL CFISISC »=885

START NEXT ON GRID EDGES ON GRID EDGES. CFEDEDC >. J=JJ FIRST

DO 2895 K=1.4

Ti=9. &
IFCK. NE.
TEHFL=G.

1)T1=1 :
62321 *K-0. 65001

TRDA=XxK-846

MMIN=1

IFCK. EQL

DG 2894
T2=T1

10MMIN=2
M=MMIN, 3

IFCM. NE. 20T2=1
X=TEMP1+0. O254%M

IND2=1

N1 4+M

DO 2653 t=1.4

T3=T2

IFCL. NE. 13731

TEMPZ=8, 82921#L.-8. 35461

INDZI=IND2+165>+L

HiMIH=1

IFCL. EQ. 1 )NMIN=&

DO 2032 H=HMIN. 15
T4=T=
IF(N. NE. 85T4=1
Y=TEHP2+0, a3l 7HeN
ITNDAs THDZ+S Ll
DO 2091 I=4,2

e

2=0. a4

JECT EQ 207=6. AB294¢4
INDEX= TN+ 5832 ]
IFCTE+1 LT 4 5200 TO 2994

CRI L THFLOF (9, 2. 61 0, 0, @6832075,

CFEDEDRCTHDEX »=CNEFF
G0 TO Zhvad .
CFEDEDCINUF Ao=0 @
WTTHLIE

COMNTINNEF
COHT THUE

CONT THLIE

COMT TrLE

GRETDL EIOFS (FE GRIT FRGFS, CFREDEY

STHRY

MiEwY Ol GRID EFAGES 0N Gk I EDGFS WITH D

PO Jaal =1, d

TEHF =,

AR 4) -0, GODEATH

TFHP =R} -5 T
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MR =2
IFCL. EQ LOMMMAK=1
DO 2001 MM—1, MMMAX
TEMPI=TEMP1-0. 0254*MM
TEMP4=TEMP2+MM
DO 2100 N-1, 8
*=TEMP3+0. 6831 75+*N
TEMPS=TEMP4-2*N
TEMPO=RBS{TEMNFS)+8. 7 -
INDA=INTC(TEMPS5>~-1978
DO 2699 K=1, 4
TEMPS=8. 82921%K-0. 8526225
TEMP6=16%K~-8. 5
MMAX=2
IF<K. EQ. 1>MMAX=1
DO 2638 k=1, MMRX
TEMP7=TEMPO+@. AZ54+M
TEMPE=TEMPS+M
DO 2097 NN=1, 8
Y=TEMF7-0. 8831 75*NH
TEMPO=TEMFE8~2ZxNN
TEMPI=ABSLTEMF33-A. X
INDZ:= INDL+SETNTCTEMFS
DO 289 I=1.2
£=0. 6
IFCI. EQ. 2)2=6. GA29454
INDEX=TNL24+3136x]
CALL INFLCF(X. Y. 2. 0. a, 8 aaZ2173, 4. 8. 8. 6632175, COEFF)
CFEDEDC INDEX »=CIEFF

209c CONT INUE
2697 CONTINUE
2859 CONTINUE
a3 COHTINUE

2109 CONTIMUE

{3 2% CONTINUF
2002 COHT INUE
WRITE R, 310a)
WRITE (v, 28000 JCFEDEDL I, 172, 7438, 520
WRITECAZ2Y CFELEDR
EMIY FILE 12

fo Mo

ALL ERGES ON EDGES COMPILETED. TOTAL = 11S6+€272=7438

STRRT HFXT OM EDGES OM IHTERSECTION SOUARES. CFEDRISC 3

LB I

DO 2069 k=1, 1
TEMFI =0, 2954 4 =i, Q2625
TEMF#=dwk =0 5
MRy &
TFCE Fe o obiieg=d
DO Z00& Pt P
TEFIFT = TEHM 148 7T
THME- LR+
FsCv " 8mdy M0, &
S § 3 RS W T P Rt S LT
THEFE e b Fed= 2 MY
TEPF =B CTEMBE vy
THES - LT CTEPE v~ 7
DO 6w 1 Lo
TRRIFL - # @i52) s =8 On2hd
TFMPE: dee -5 5
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NNMAX=2
TFCL. EQ. 1)NNMAX=1
DO 20085 NN=1, NNMAX
TEMPZ=TEMPS5—0. B27305+KN
TEMFS=TEMPE+NN
DO 3004 N=1.8
Y=TEMP7+0. 803175 N
TEMPO=TEMPR~2%N
TEMPI=RBRSCTEMPS)Y-0. 2
IND2=IND1+14xINTCTEMPS)
DO 3862 I=1.4
Z2=0. 8808762
IFCI. EQ. 2)Z2=0. 6029464
IF<1. EQ. 3)>Z=0. 857028
IFCI. EQ. 4)Z=6. BBc7564
INDEX=INDZ+784%]
TEMPS=0. 601965
CALL INFLCF(X, ¥, 2, TEMPI, TEMPS, 9. 083175, 0. 8, COEFF >
CFEDISCINDEX)=COEFF
CONT INUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
COHTINUE
CONTINUE
HRITEC®S, 316@@a)
WRITE (%, 2066 ) (CFEDISCI D), I=4, 3136, 87)
WRITEC{12)> CFERIS
END FILE 12

EDGES ON INTERSECTION SQUARES COMPLETED. TOTAL CFEDISC ) =3136

START NEXT ON EDGES ON SUPPORT STRUCTURE/ZFILM T & U CFEDTUC )
FOR J=JJ

DO 2040 K1, 4

TEFIPL=6. 8292).%K~-B, B2E3020

TEMFE=4+K-2. S

MMAX=2

IFCK. Fi 1MMAX=]

DO 3eid M=1, MMAX
TEHPZ-TEMPI 461, A254%M
TEWP4-TEMPZ+M
DO ROdE M=l 2

XK=TEMFE-6. 927 32A5+M
TEHFO=TEMPd~Z+
TEMPG=RRESCTEMFPD s+t 7
THPA=INTCTEMFT D —1604
PO Az L=l 4
TEHFO20, 0,921+ -8, abdel
IHDZ TMDA +2 1 9L,

HIMTh=L ORI

IFCL. BG. 4DNMHIN=8

DO 3619 H=HMIN, 15 OF glNAL PAGE g
Y=TEHPSG+8. HEE17S4N  POOR QUALITY

INDE=TN A+ LdeN
00 2ee I=t.4
2=, BT es
IFCT. FOL 2al=Rh, BRz234e4
IFCY. EfL Za7=6 BEATHSS
IFCY FL d4b7=0, HDEwT g
THOE =~ THIG 4T, * ]
TEMFR=O, BT
CALLL, THFLIF N, Y, 700, QRL2aS, TEMEE, TEHPE, 0, &, FOFF )

J
o
>
»
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" CFEDTUC INDEX Y =COEFF
CONTINUE
CONTINUE
CONT INUE
CONT INUE
CONT INUE
CONTINUE

EDGES ON SUPPORT STRUCTURE/FILM T & U FOR J=JJ COI'PLETED. NUMBER = 2968
START NEXT ON SAME FOR J NOT EQUAL TO JJ. CFEDTU<2969 ON >

DO 2022 L=1.4
TEMP1=0. 02921*L-0. 80254
TEMP2=16+L-8. 5 :
MMIMAX=2
IFCL. EQ 10MMMAK=1
D0 3e21 MM=1. MMMAX
TEMPI=TEMP1-0. 0627 305=xMM
TEMP4=TEMP 2+
DO 2026 N=1.8
A=TEHPI+O. da3175+N
TEMPS=TEMP4-2*N
TEMPS=ARS(TEMPS)>+0. 7
INDA==TNTCTFMPS>-168
DO za19 K=1,4
TEMPS=6. 82921 *K-0. 0530223
TEMPE=-16%K-8. O
MiRAX=2
IF<K. EQ. 10MHAR=1
DO z@d& M=1, MMAX
TEMP7=TEMPS+0. 825:1xi
TEMPE=TEMPS+M
DO 2017 MHN=1.8
Y=TEMP7-6. 823175+NN
TEMPS=TEMPE-2xNN
TEMPO=ARSCTEMF3)-2. 3
INDZ=THLL+Se* INTCTEMPS)
DO 2616 I=4,4
Z2=0. eVeO7s2 )
IFCI. EQ. 257=0. ABZ29464
JFCL EQ. 20Z2=0. PAI7028
IFCI. EQ. 4)7=6. AOE7564
INDEX=TND2+3:L26+]
TEMP2=0. 683175
CAlL. INFLCF(X, ¥, Z, 0, 0al905, TEMFS, 0. 0, TEMPS, COEFF)
CFEDTUCINDEX)=COEFF ’
CONTTNUE
CONTINUE
CONTINUE
CONTINLUE
CONTTHUE
COMHTINLF
CONTINUE
HRITE (S, 3166)
WRITE &, 20060 (CFELTUCI), I=2, 40512, 235)
WRITECA2) CFFDTU
END FILE 12 ‘

AL FLGES ON SUFPORT STRUCTUREZFILM T AND U COMPLETED. TOTAL CFEDTUC)=15542

START NEXT OW SUFPORT STRUCTURFZFILM T AND U ON INTEFSECTION SQURRES
CFTUISC &

DO 302K FE1L
TEWP L, f Al fa b=, aniRg

A-51
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INDA=3%K-620
MMIN=1
IFCK. EGL 4)MMIN=2
DO 3027 M=MHIN. 3
X=TEMP1+9. 627205%N
IND2=INDL+M
DO 3026 L=1.4
TEMP2=0. 62921%1 ~0. 00254
TEMPI=16%L~8. 5
NNMAX=2
IFCL. EQ. 1ONNMAX=1
DO "32625 NN=1, NNMAX
TEMP4=TEMPZ -~ _<2¢305%NN
TEMPS=TENF™ NN
DO 2024 N- ., 8
Y=TEMP +0. GAZ175+N
TEMPS= TEMPS-2%N
TEMPS: ABSCTEMPEY-0. X
IND3= ND2+11*INTCTEMPS)
DO 3823 I=1,4
Z2=e
IFC) EG. 2)2=0, 0829464
IFCI. SQ. 2)Z=0. A0S7028
IFCI, EQ. 4)7=0. AOS7564
INDEX=INDZ+816+]
TEMP?7=6. 001905
CALL INFLCFC(X, ¥, 2, TEMP?, TEMP?, 0. 083175, TEMP?, COEFF)

CFTUISCINDEX »=COEFF
3823 CONTINUE
0624 CONTINUE
3025 CONTINUE
3826 CONTINUE

2027 CONT INUE
3626 CONTINUE
WRITE <&. 3168
HRITECE, 36002 (CFTUISC1), I1=4, 2454, 41
WRITECLZ> CFTUIS
END FILF 12

AL SUPPORT STRUCTUREAFILM T AND U ON INTERSECTION SGUARES. COMPLETED.
TOTAL. CFTUISY 2=2464

nReReNoNy

AL INFLLIENCE COEFFICIENTS CRLCULATED. TOTAL NUMBER=132Z7641
2w FORMAT (L1 (2K, E416, 350
3166 FORMATC 07, “NEW DATA SET' /)

END :

ORIGINAL PAGE IS
OF POOR QUALITY,
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SUBROUTINE INFLCFCX, Y. 2. R.B. S, T. COEFF>
TEMP2:=2%2
TEMPL=XeX+Ye¥+TEMP2
JFCTEMPL. GT. 0. 16E~3>G0 TO 1004
IMAK:=10
JMAX=10 :
KMAX=10 -
SUM=6. @
IFCA LT, 0. 1E-2) IMAX=1
IF(B. LT. 0. 1E-2) JMAX=1
IFCT. LY. 0. 1E-2)KMAX=1
TEWMPS8=T
TEMPS=0. 0
IF({S. GT. 0. 1E~-2>G0 TO 16006
TEMPE=0. 6 .
TEMPS=T
KMAX=1
1000 TEMPA=Y+0. S5+B-0. xS

TEMPI=X+6 S55+A-6. SS*TEMPS+0. S+ TEMPS
DO 1883 K=1, KMAX

TEHPA=TEMP2+0. L+K*TEMPS

DO 1082 I=1, IMAX

TEMPS=C(TEMP4—@. 1xR*])

DO 1601 J=1, JMRX :
TEMPS=TEMP1~0. 1#B*]J
TEMP?=TEMPS*TEHPS+TEMPSXTEMPS+TEMP2
RA=SGRTCTEMP??

TEMFPE=TEMP&+S
TEMP?=TEMFS-TEMNPS
TEMPF=TEMP7*TEMP?+TEMPE*TEMPS+TEMP2
R2=SORTCTENFT)
TEMP?=S+TENFS
TEMPE=CRA+RZ+TEMP? )/ (RL+RZ-TEMPT>
SUM=SL) 1+&L QO TENPE)
1601 CONTINUE
1a62 CONTINUE
1003 COMTINUE
TEMPE=S
IFCS. LT, 6. AE~20>TENP8=T
COEFF={SUM*0. S9&T7TELE) /CTEMPS* IMAX»IMAXKIAX >
GO TO 1605
1664 TEMPL=SART(TEMPL
COEFF=0. 89877E10/-TEMPL
1665 RETURN
EHD
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A.2  PROGRAM P5072SGF TO DETERMINE SENSOR SIGNALS DUE TO CHARGED PARTICLES
AND RESULTING ELECTRONICS RESPONSE

A.2.1 Summary

This program uses the particle path characteristics calculated by
program P5072CHG to generate sensor signals for selected particles and then
determines the response of the electronics to these signals. The particle
parameters of mass and charge are selected either by input card or by a ran-
dom number generator. The output from the electronics model is stored on
tape for future analysis and may be plotted, if desired, by selecting the

proper code on an input card.

A.2.2 Description
A.2.2.1 Determination of Velocity

The starting velocity is one of the parameters supplied by input
card. The new Qelocity of the particle at the end of each incremental step
is determined from the new particle energy and the particle mass, using the
relationship that energy equals half the product of mass and velocity squared.
The new energy is determined by subtracting from the starting energy the work
done in traversing the step distance. The work done is calculated from the
potentials. Program P5072CHG provides two potentials at each step. One is
the potential due to the applied potentials EPOT(J) and the other is the po-
tential, per unit charge, due to the particle charge CPOT(J). The work done
between two points is eqdivalent to the product of the potential difference

between the points and the charge. Thus, the work done is determined from
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Q*EPOT(J) + Q*Q*CPOT(J) calculated for the fuo steps, J and (J-1). The time
taken for the step is determined from the average velocity over the step and

its distance.

A.2.2.2 Determination of Grid and Film Currents

The currents are equivalent to the time rate of change of charge.
Program P5072CHG provides the total charge on each film and collector grid
element at each step. The current is found from the difference in charge at
the beginning and end of the step, divided by the time interval, calculated

above.

A.2.2.3 Film and Grid ID Thresholds

The two systems are identical except for signal polarity, so only
the grid ID will be described. The input to the linear amplifier after the
input circuit is calculated for each collector grid strip using the ramp
function response equations arrived at by Laplace transform. The input to a
threshold detector is the sum of the amplified signal from the impacted film
plus the factored inputs from the other films applied as analog inhibit sig-
nals.

The time to reach threshold is determined by performing a linear
interpolation between the present and most recent steps. Thresholds at other
collector grids are only permitted if they cccur within 0.2 microsec of the
first I0.

The time of the first ID, either film or grid, is used as the start

time for the PHA measurement in the electronics subroutine LES.
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A.2.2.4 PHA Amplifier Signals
The inputs to the four t'ilm amplifiers are summed to be used as
inputs for subroutine LES. To save computing time, data points are not ac-

cumulated until the input reaches one-tenth of the input threshold level.

A.2.2.5 Program Flow

The first input card is read to retrieve the parameters which select
the various options. The number of particles to be analyzed, the velocity of
the particles, the mass and charge, if random numbers are not used, the num-
ber of the input data set for path data, and the number of the output data set
and codes for printout selections are retrieved from this card. The second
card gives plot axes dimension information.

The first step is to define the physical stopping point within the
sensor as either the film or east sensor shield followed by the initialization
and setup of the CalComp plotter. This setup can be bypassed if no plotting
is desired. Next, the particle path data are read in from tape as the potentials
and charges at each part’ "e position, plus a header record which defines the impact
position on the sensor relative to the center and the total number of data points.

If random particles are to be selected, the first mass and charge
vaiues are calculated. The random number generator scales the values deve-
loped so that they fall within a range specified by the axes dimensio.. infor-
mation given on the second input card. All random numbers generated are ':sed
to save computing time over the method which uses all numbers for deriving

masses and charges and then rejects those which do not fit the problem. The
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variables are initialized, and the particle position at which measurable sfg-
nals can be detected is then determined for use as the starting point for the
remaining calculations. The steps start at 10 meters from the sensor and step
in rapidly until efther the signal reaches cne-tenth of t. e threshold of a
collector grid or film circuit or a point 0.4 centimeter from the suppressor
grid is reached. This is done to give a starting point for the potential
measurements and the calculations of work done on the particle, since absolute
potentials are measured relative to infinity or a point of zero potential.

The sensor currents at this position are written out if the selection
code demands them, followed by the calculations of work done and the magnitude
of the remaining particle energy. Providing that the remaining energy is posi-
tive, the new velocity and the time increment are determined, followed by a
calculation of the new film and collector grid currents.

The film and collector grid threshold ID status is then determined
together with the value of the PHA amplifier input signal.

This sequence is continued until all particle positions have been
analyzed or the remaining energ} reaches zero, indicating that the sensor
forces have stopped the particle.

When the sequence is complete and if a film ID has occurred alone,
before a collector ID or less than 1 msec after a collector grid ID, the data
are passed to subroutine LES, which calculates the electronics response.

The results of the electronics analysis, namely the PHA, film and
collector grid ID and accumulator counts, together with the particie charge,
mass, and velocity are stored for future analysis and, if required, the points

are plotted.
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The program then returns tc the start to read the next selection.

A.2.2.6 Subroutine LES

Section 3.2.1.2 describes the operation of the simple model of the
electronics. The modeling is accomplished in subroutine LES.

The program uses the data points passed to it by dummy arguments
and similarly returns values fo} the PHA count and accumulator count.

The output signal from the sensor is a pulse whose length and ampli-
tude are determined from the path characteristics and particle characteristics
in the MAIN program of P5072SGF. The signal is in the form of discrete ampli-
tudes at discrete times. This subroutine treats the signal as a series of ramp
functions by developing straight-line equations for the signal between adjacent
values.

The program then evaluates the slope of the ramps to determine the
status of the two switches. The result of this evaluation determines which of
three subroutines will be usea to calculate the value of the output signal.

The subroutines called are COND 1, COND 2, and COND 3, which calculate the
responses using predetermined equations that were arrived at by using the
Laplace transform technique. A fourth subroutine, CVOLT, is used to calculate
the voltages across the capacitors at the end of each step, as these are re-

quired as initial conditions for the next ramp function.

A.2.3 Method of Use
A1l references to Job Control Cards (JCL) are for the IBM-370 sy:tem.
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Operation of the program requires a minimum of two input cards, plus

one data tape produced by P5072CHG giving particle path data for the path and

sensor to be analyzed. The minimum input allows, on the one path, either:

(1) analysis of one particle with its mass, charge, and velocity selected by

input card, or (2) analysis of any number of randamly selected particles, all

at one selected velocity, up to a maximum of 999 particles. The results will

be printed and optionally plotted. If more than one particle is desired in (1),

different random numbers in (2), or different velocities or different paths

are desired, then additional sets of cards must be added with the new codes

and the appropriate path data sets must be available on tape.

Card 1
Column

1-3

7-13
14-23
24-29

The information required on the cards is as follows:

Requirements
A number from 1 to 999, format I3, representing the number of

particles to be generated. If discrete particles are selected,

the value should be 001.

A number, format I3, which determines the rate at which the

element charge values will be written out, e.g., if the value is 5,
every 5th step will be printed out during analysis.

A number representing the particle/s initial velocity, Format F7.2.
Not used.

An odd number used to start the random number generator, Format

16.
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Card 1 (Cont.)
Column Requirements
30-32 The number of the particle, e.g., 5, for the 5th particle of

the total set of random particle~ generated for which the charge
data are desired. If zero, all particle data will be selected on
the basis of the number in columns 4 through 6.

33-42 The particle charge, format E10.4. If random numbers are selected,
this value may be blank.

43-52 The particle mass, format E10.4. If random numbers are selected,
this value may be blank.

53-55 A number which if greater than 10 will cause random particles to
be produced and a plot of the results generated. If greater than
1 but less than 10, random particles will be generated. If less
than 1, discrete values must be put in columns 33 through 52.

56-58 The input data set number which matches the JCL card, e.g.,
FT12F001.
59-61 The output data set number. 22 and 25 must be used for shielded

film data sets.

Card 2 provides information required by the CalComp plotter to set up
the axes and by the random number generator to set up mass and charge values.
The axes charge and mass information is developed as follows, with references

being made to the following figure.
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k

= WER Log M WMN

Consider the charge values: because of the range of values, the logar-
jtm of the charge is plotted on a log scale. The distance along the y-axis is
given by QCON*log (log C* where QCON is a constant and Q is the charge.

The random number generator develops numbers between 0 and 1.0. The
value of 0.5 is subtracted .0 give a range of -0.5 to +0.5, which is then
multipliied by QRG, tI. desired range of log Q values. We now have the cor-
rect range cente :d about the origin. The mean value of the desired range,
QMN, in inck s from the origin, is added to the generated value to place
the rang. in the required .rea. The value obtained (y) is the position along

the log Q axis, in inches, of the desired log Q.
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Therefore, scale value = exp (y/QCON).

To obtain log Q, we now multiply by the scale factor, QFR, then
Q = exp (log Q).

An identical procedure is followed for the mass M.

The values required by Card 2 are:

Column Requirement

1-4 QRG, range in inches of required log Q values on the plot (Format
F4.2).

5-8 QMN, mid-point of range in inches from origin (Format F4.2).

9-16 QFR, scale factor (value of log Q axis at origin), ignore any
minus sign (Format EB.2).

17-26 QCON, axis constant for size of axes to be plotted (Format F10.8),
i.e., axis length for one cycle in inches (CYC) = QCON* 1n 10.

27-30 WRG

31-34 WMN A1l the same as the equivalent log Q definitions, for

35-42 wr | 0™

43-52 WCON

53-56 AXLEQ length of the 1og Q-axis in inches (Format F4.2).

57-60 AXLEM length of the 109 M axis in inches (Format F4.2).

If a plot is not required, a card must be submitted but it may
be blank.
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A.2.4 Flow Charts and Program Listings

A flow chart for program P5072SGF is shown in Figure A-2.

Program listings are provided for program P5072SGF and subroutines
LES, COND1, COND2, COND3, and CVOLT on pages A-67 through A-77.
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P5072SGF

NF IS DATA SET REF. NUMBER FOR PARTICLE PARTH DRATA
NDOUT IS DATA SET REF. NUMBER FOR OUTPUT DATR SETS AS FOLLOKWS
POSITIVE CHARGE : UP & EAST NORMAL PATH 28

WEST SENSOR 23
EAST SHIELDED FILM 22
NEGARTIVE CHARGE : UP & EAST NORMAL PATH 23
WEST SENSOR 24
ERST SHIELDED FILM 25

NOTE : REF. NOS. 22 & 25 MUST BE USED FOR SHIELDED FILM DRTR SETS

DIMENSION DRTACZ, 1666), IBUF(1806>, BLANK(8), CC(4, 5003, CF (4, 500)
DIMENSION I6G<4), IFMC4), C1GK4), C2G{4), CIF (4D, C2F(4), YCGC(4)>, YCF(4)
DIMENSION VIDGC4), TIMFCAD, TIMGCA 2. VRAIF (42, VRED .72, VR1GC4), VR2G(?)
DIMENSION VIDF (4. CPOT(NBO), EPOT (S0, L1ST(G00)

ORIGINAL PAGE IS
OF POOR QUALITY,
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REAL M
INTEGER OUT
680 READ(S, 6000, END=5000)>NUM, OUT, VEL, GMAX, IX, IPNUM, Q. M KODE, NF, NOOUT
REHD(S;GGiB)@RGoQMN»QFR:QCON;U?GnNNN;NFR»NCONoﬁXLEQ:RXLEH
HRITE(G;SOZG)QRG,QMNaQFR’QCON:HRG;HNN.NFR»NCCN;HNLEQ;RXLEN
SHLD=0. 6
IFCNDOUT. EQ. 22)SHLD=S, 4864E-3
IFCNDOUT. EQ. 25)SHLD=S, 4864E-3
1IFCKODE. LT. 16>G0 TO 663
C  DEFINE PLOT AXES & TITLE
. CALL PLOTSCIBUF, 1600, ) '
CALL PLOT(1. 0,1. 0, -3)
CYC=2, 30259+NCON
DTV=1/CYC
CALL LGRXIS(O. 8, 0. @, 6H-LN M. -6, AXLEM, 8. 9, WFR. DTV)
CYC=2. 30259«QCON
DYV=1,/CyC
CALL LGAXISCO. 8, 8. 9, 6H-LN Q. 6, AXLEQ. 98. , GFR, I TV)
YAX=A%LEQ+D, 5
CALL SYMBOL C@. 5, YAX, . 14, 1SHVELOCITY M’S> , 0 8,15
CRLL NUMBER(99S. , 99... ,. 14, VEL, . 8, —4)>
FINISH AXES DEFINITIC.

a0

PARTICLE PATH CHARACTERISTICS
683 RENIND NF
READCHF )%, ¥, NPTS, BLANK
NRITE(S;6&3&)VEL;X;V;NPTS;IX:NF;NDOUT
DD €05 K=1, NPTS
REHD(NF)DIST(K)»EPOT(K)»CPOT(K):(CC(L'K);L=1,4)»(CF(L;K):L=1:4)
685 CONTINUE
669 DO 46086 KP=1, NUM
WRITECE, 835K '
IFCKODE. LT. 1)G0 TO 625
B1Q Y= IX#E5529
iFCIV>615, €16, 616
615 I¥=IY+2147482647+1
616 YFl=1Y
YFL=YFL %, 46566132E~09
TH=1y
YFL="YFL-@, 5
RANDA=YFLAQRG+UMN
QEV=ENP CRANLGA 00N
AVAL =S+ (-0F R )
G=ERP COVALD
618 IV ThwEsinzs
IFCIYI81 5, 620, .20
618 TY-IY4214748364 741,

€2 YFL=TYy
YRL=YFL#®, 465651 3E-05
IHe=-TY .
YRl o vFL-3 5

RAMEM: YE LR +1MN
SN 5Py BRI, HCON D
HVEL 1ty bR )
M 5 CHVRL

€ ANITIM J7RTT 0N

€25 TTMR: B, 2

I 6
NP |
ME 114 .
T Eref (H§K§B§A1453“3E:Is
NiviaT: 9a% POO ALITY
NIET: a4 OF R Q
YFI1: VFL
LF. -
[y VRG Y, o
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IFMCID=0
1G<1>=0
CiG<(I>=0. &
CiFc<II=0. @
VCGCI»=0, 0
VCF(I>=0. 0
VIDGCI =0, &
VIDF(1>=0. 8
C2G<(I)=0 ©
CzF(1>=06. 6
700 CONTINUE.
ENRGY=0. SxMVELSYEL
C DETERMINE STARTING CONDITIONS
DO 726 J=2,12
IFCDISTCI). LE. 4. 369E-2)G0 TO 730
H JJ=J
TINC=CDIST(I-1)-DIST(JII)/VEL
DO 7205 K=1.4 B
C26 K=l CCCK, J)=-CCdK, J-1))/TINC
CHGCKO=C2G<K> .
C2F (K= {CF K, J)=CF (K, J-13>/TINC
CAFCK»=C2F <KD
IFCC2GCK). LT, -9, 4E~9. OR. C2F (K). GT. 8. 4E-95G0 TQ 738
725 CONTINUE
726 CONTINUE
736 POTH1 =Q+EPOT{JII-12+QQxCPOT(II-1)
T35 J=JJI+ND
LP=LP+}
IFCIPNUM. EQ @G0 TO 736
IFCKP, NE. IPHUIMOGO TO 738
Vie JFCLP. LT OUTH>GO0 TO 728
737 L PG .
WRITECG, 0405026, CZF, TIME, DISTC(JI-1)
P28 IFKDISTL). GT. SHLDOYGO TO 739
CATARCL, JO=TIHE
DATHCZ, J0=0. 6
GO TO 2566
729 HDh=HND+1
FOTZ =Q+EPQT CJD+04Q+CFPAT (I .
WORK=POTZ-POTL
REM=ENRGY-WORE
IFCREM. GT. 6. 620 0 TQ 745
748 IFCDIST), GE. | é75e4E-20G0 TO 744
HWRITEC(S, 60565 ]T
GO TO 2%6a
741 IFCPISTCID. GE. . 9((»ﬁE~H)G0 TQ 742
HRYTECS, ABED: §
GO TO 2560
742 WRITE«S, Ga7AT
GO T0 2560
745 VEL 25 S0RT Co4REMAMO
AVEL = (VELAVEL 20 /2
TINC CBISTC 1= 0=DISTCI D /HVEL
TIME-TTHF+T THC

VEL1: WFILZ

C CAI CALATE NFW GRID AND FILM CURRENTS AL PAGE
0 206 =4, 4 (}
CoBURI= O COY, I2=CCCK, J=1D 3/ TING ORIQOOB QUAIXYY
CHFCK D QFCCF R, I2=CFCK, J=100/TINL cﬁg

8000 CONTIHLE
€ COLLFCTOR GRID D
OO 1680 K=id, 4
SLP=CCRG I -CAGCRI D/TING
SU s A, SHEAP (=2, 2727272V AEZATINC (2, 2EGHCLG R D+YOGKD )
SN (A =RHP~2, RPHFZTRVIEIATING Dy 2. ZESCAG D ~48. 44SLPY
i~ 2 RGP TN
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 R1GCK I BSUML+SUM+SUMS
SUM4=0, SHEXP (=2, 27272727 3R3xTINCI*(2, 255*016<K>—VCG(K>)
Sl 3=SLP*48, 4n(1=-EXP(~-2, 272?2?273E3*TINC)>
VR2GCK) =SUMA+SUMS
CLGCKI=C2G<KD
VCGCK ) =YRI1G (K ) ~VR2GCK)
1608 CONTINUE
IFCND. LE. NDGT+12>G0 TO 1010
IFCTIME, GT. TIMGC(LI+ZE~-?)GO TO 1160
1016 IFCNGID. EQ. 4)G0 TO 1100
YRZ2GCH)=VYR2G(1)>
VR2CCEI=VR2G( 2>
YR2G(7)=VR2G(3>
DO 1366 K=1,4
IFCIGCKD. E@ 176 TO 1160
VID=15. ?79+VR2GCKI=1. 47 (VR2G(K+1LI+VRZG(K+2I+VRZG(K+3D> D
IFCVID. LE. - 1ZE-10G0 TO 1656
VIDGLKI=VID
GO TO 1164
1656 IFChGID. GT. 8XG0 TO 1660
HNDGT=ND
IGCK> =4
NG ID=A
TIMGCL)d={, AZE~1-VIDGCKI DHTINC/{VID-VIDGCK )
TIMGCA)=TIMGCL)+TIME-TINC
IFCNFID. 7. @XG0 TO 1100
TIMID=TIMG(1>
GO TO 11660
4666 NGID=NGID+1
TIMGCNGBIDY=(, ARE=1~-VIDGUO IRTINCANVIN-VIDGCK? >
TIMGCHGID ) =T IMGCNGIDY+TIME~TING
IFCTINGCHGIDY=TIMGCL). LT, 2E~7) IGCK)=1
11683 CONTINUE
¢ FILM 1D
DO 2000 K=1,4
SLP=(C2F CRI~CAFChE N /TING
SUML- @, SHEXP (=2, 272PZ77 EZIRTINC Y #(2, ZESHCAF (R IEVYIF (KD o
SUME=(L~EAR (=2, 27272727 3630 TINC s 3 (2. ZESHCIF (I —48, 4451 F)
SUME=2, 2ZES+SLP+TINC
"VRAF RO =SUMASLIMZ+SUIMS ‘
S =0, SeERP (=2, 2727272V 3ESxTINC (2, 2EORCIF MO -VOF (KDY >
SUND=SLP#AE qw(A~EXP(~2. 27272727 3EZ4TING )
YR2ZF (K =S M+ 505D
CAFCKDI=C2F Lk
: YOF (R =VRAFCE ) =YREF (KD
2003 CONTINUE
IFCHD, LE. HDFT+40G0 TO 2610
JFCTIME. GT. TIMFCL4ZE=-7o00 TO 21606
ZE46 IF N "5 EQL 40G0 TO 2466
WEIF (Dasy ZF Ly
VRIF CEIYRIF v )
WEAF (7 amNREF P
LG 230G K=, J
IFCIFMCKDY. ED L0 6N TO 21664
W15, FOYRLT R L, AL EPF LKA AVRIE CE 420+ L 4R D
TEOVID, LE, < 1oE=-10 OG0 TO 2000
VIDF LT 2=TD
G0 30 2
TV TECMFID, OT. Gy TO A58
M T. HD
TRk
HF 3 0=
TIMF L=, 12E -4 =V ILFCRD 0 TINCACY TD=YIDF (o
TIMECAD=TIMF L+ TIME~TIHC
TFLHGTD, GT. 0200 TO 24.6@
TIMYO T MECA Y
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G0 TO 2108

. 2068 NFID=NFID+1 o o~
TIMFCHFIDY= (. m—1wxw«>>-uw<9m—-vmr«»
© L - TINFOFID)TINFAFID>+TINE-TINC S
IF (T CNFID2-TINFCL). LT. 2E-P)IFNCKI=, S
2108 CONTINUE . o ,
: svmr-vnrumcz»wunnw«) : e v
IFCNDT. GT. 15G0 TO 2150 4 ,, , -
IFCSVRIF. LT. . 1€-3)G0 ¥0 735 - Lo T
“DATACL, 1)>=TIME-TINC ) . .
DATAC2, 1>=0, 8 .
DATACL, 2>=TINE “
DATAC2, 2)=SVRIF ~ ~~ ° B
Wwr=2 ~ s
GO TO 73 s .
2150 NDT=NDT+3. o - o -
DATACL, NDT)=TINE . “ -
DATR<2, NDT>=SVRIF . : .
: G0 TO 735
2508 IFCHFID. EQ 860 TO 2700 - =
. IFCNGID. F@. ©>G0 TO 2'8 -
IFCTIMGC1>+, 4E-2 LT iMFC1>560 TO 2708 :
2510 ETIME=TIMID+. 4E-2 :

2000 CALL LESCDATA, NDT, ETIME: OUT. KP: TPNUN, NPHA, NACC) N
ISCKODE. LT. 18>G0 TO 3508 . .

€ PREPARE TO PLOT PHR VALUE _— .

€ PLOT VALUE T

CALL SYMBOL <mme, 81,?5.8 a,-1> .
CALL NUMBER(999., 999, -87.F#. 6. 8. -1
IFCHACE LY. 2>G0 TO 35668
CALL SYMBOIL<99%.,999. ,. B3, 125, 0. u, ~1)
GO TO 3500 -

27868 NRITE(G, 7ew@)

3582 A=ARS([)
HeL=RLOG{AR)
A=A OGN
TIGCTOT=IGCAD+IG(2 %2+ IG{(3>*4+,G(4>*»8
ISTOT=TFMCL" IFMNC2Y%2+ IFMCO*4+ IFM(4)%a
RRITECNDOUT YVEL, 5. M, IGTOT. IFTOT: NFHA, NRCC
WRITECE, 60688>0, M, 1G: IFM
HRITECS, 7B100RRL, AL

4560 CONTINUE
IF<KODE. LT. 18>G0O TO 4506
CALL SYMBOLC(20. .6.08,. 14,11, 6.0, -1
CH-.L SVNBL'L(QG. » ﬂ@ . 14: 11: @. G. "2)
CALL PLOTC22. ,-1. ., -3>

4560 GO TO 608 :

Saan CONTINUF (n;ugniA131"“GE’IS
IFCKODE. LT, 16560 T0 5100 2 QU
CALL PLOTC(E. , 8. , 999) OF POO

S1ad CONTINUE

vt FORMAT(2IZ. F7. 2, E10. 4, 1€, 13, 2E10. 4, 312

€aid FORMAT(Z(ZF4. 2, E8. 2, Fin. 82, 2F4. 2>

€620 FORMATOLX, 2402FS. 2, E8. 2, F11. 8, 2F5. 27

€030 CORMATON, VELOCITY = 7, E10. 4,24, "X ORD = 7, F& %, 22X, ’Y ORD = “,F8,
AX/74%, THL. OF STEPS = 7, J4, 2K, "RANDU = °, 16, 2%, “FATH DRTH SET = 7,
RIZ, "NAUTFUY DRTA SET = 7, TRD

o6 FORIRTC !7' s TPARTIONER NUNFBI-F‘ R EYO

Eirdtt FAORMAY LN, "CURRENT: GRIDL = 7L F& 2, 4%, “GRIL? = 7, E& 2, 4%, "GR10ZE =7
2 FR 2. -l.‘v{- TRFYEE = L ES 2SN FILME 2 L ER AR CFILME = L ER 2,0
INTFUH 2 L ER Pl FIEME - L RS 2 A0 TR e LRGSR TDIST =

. 47, B8R

AL FORMOT 0N " PHRITOLE STORS BY FORF FILH AP P P |

arl FORVINTORX: "PRARTICEF STORS F\'Hf! wE LRI HT STt P’:Z 2 1

L
vy

e ce e e eee - i e - SO PPN ———— .- —

‘-TUF"- &‘Fb—uFt— *-UF'! RF<"M< HT STEFP ;&0 TR

eHETt FORMATCOX, "CHARGE =~ 7. F% 3,7 MASS = 7L, B9 2 (o N
LUL I | L EENE § P

oWt FORMHTCA, © STRNAL BELOH VHRFSRWD 7/

AT FORMAHTCON ‘L € = 7, F2 2 Nn LG M= 7, BS &0
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c T SUBROUTINE LES <DATA. ND; ETIME, OUT, K. IPNUM; NPHA. NRCC)
0 RE\\‘ISED 15 DEC 1975
OI'E!SI(N DRTAC2, 1008)

COMMON_VCI, V€4, VC4, VCS, YC8, TC1, TC2, TC3, TC4, TCS, TC6, VALL, VAL2, X SLP
INTEGER SHEB. OUT

ke

N o~ S0 454‘345454554
T TC2=. I5014G058E4
TC2=, 494e045522ES
TC4==, ABLZRETEA4ZER
- YCO=. 249522645FS .
TC6==. P73R21894 *
J-6
" HPHA=6
TIME=DRTAL 1. NDD>
KOURT="ND
L=ND+41
DO 2O2v I=L, ABR0
TFCTIME. GE. ETIMEMGO TO 2025
TIME:-TIMEAZE~6
KOURT=KOUNT+1
. DATACA, ID=TIME
2020 CONTINUE
820 LHD+
IFCKOUNT. LT, LYGO TO 2930
DO 2030 I=L, KOUNT
DATACZ, TH=0. &
2036 CONTINUF
< IFCK. HE IPNIMMDGO Tu 2086
IFCOUT. GT. DORGO TO 2680
; NRITECR, 36
sase YR 2
2100 TFCTHG, B0 KOUNT+1 0060 TO o560
To~DATACL, THOD
TA=lHTACY . TN -1D
ViRl 1= ~PHIACZ, THC-1)
VAL 2 DHTRC 2 THSD
JHC THC+1.

. CRLUVEATE JHRUY SLOPE (SLPY

Ve VL 2=V 1
KT A=
S) Py
TECSLP. LT, B fohGl TO 7

ORIGINAT PAGE 18
OF POOR QU

A-72



3

BSR 4234

g CALCULATE CONDITION 1 VALUES
2158 CALL CONDL (VR32, VR1, VR2, VRS, YR12)

Cc
C
C

¢

CALL CVOLT (VYR32, VRi, VR2, VRI, VRi2
KOND=1 -
G0 0 2500

POSITIVE SLOPE. -~ CALCULATE SKITCH STATUS

2160 VYR202:=VR2

2178

2181
2184

2186

VYR112=VR12

YRA32=VR22 .

CALL. COND1 (VR132, VRiG1, YR102. YR1G9, YR112)
CALL. COND2(VYR202.B. 0>
RVRL=VRi01-VR1

RVYR2=VR202-V¥R2

IF(RVKL. LE. RYR2)GQ TO 217@
SHAR=SHAB-1.

GO TO 2188

YR2=YRA

G0 TO (2181, 2181, 2484, 218€), SHAR
STOP 1&1

IF{YRIZ EQ ©. 8>G0 TO 232590
VRa2@z:=VR2

CALL CONDZ (VYRza2, YR2@S, YRa12)
CAlLLL CONDR (VR243. YR312)
RVYR2=VYRZO2~-VR2

RVYRAZ=VYRZ12-VR12

IF(RYR2. GT. RVR125>G0 TO 2396

GO TO 2200

IF(YR12 EQ. 6. 66D TO 2290
VYR112=VRAZ

YR1322=YR32

CALL. CONDL (VR132, VR16G1, VR162, VR189, VR112>
CALL CONDX (VR263, YRZ1:0
RVR2=-VR182-VR2

RVRI Z-VRRiZ-VR12

IFCRVEZ, GT. RYFA2X60 TO 2290

GO T 2450

CCULATF VALUES UNDER CONDITION 2

CALL. COND2 <VRZ, VED, VR12)
CAREL COfiil VA2 VRL A RO
CREL CWOLLT CYREZ, VEL, VRZ, VS, VR12)
KOt ifs-2

[C TR 8 ey e

TFCING. BQ FOLIT+S 200 TGO 280
TR DATHL, THE Y

TA=PAHTHCL, THC-1 0

VALL: DATRC 2, THNC-10

VARL2= DATHCE, TRC)

IMC:-Y Nc:+:;

WAL Z2-VYHLL

KeT2=14 .

e v ORIGINAL ?‘?GENIS{
QT YR2

:’STL iz OF ROOR q

Vet e MRS

CRIEE CONDY VR UAZ YRAIGL, VRINE, VRIS, YR
CHLL COHEGT ORI, ML B

TRCVRAIGE, LF VRS SHAR:S ShiAE-d

EON I D R X

CALCEEATE VLTS LRDER CONGRTTION

A-73
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SHAB=SHAB-2

CALL COND1C(VR32, VRL, YR2, R, B)
CALL COND3CVRS, VR12) .

CALL CVYOLT <(YR32, YRL, VR2, VR9, YR12)
KOND=3

GO TO 2608

IFCING. EQ. KOUNT+1)G0 TO 2800
T1=DATACL, INC-1>

T2=DATACL, ING)

VAL1=DATAC2, INC~1)
VAL2=DATAC2, INC>

INC=INC+1

Y=VAL2-VAL.1

X=T2-T4

SLP=Y/X

IF{SLP. GE. 8. 8>G0 TO 2379
VR292=VR2 .
VR112=WR42

YR132:=YR32

CALL CONDA (VR132, YR101. YR1Q2, YR189, YR112)
CARLL COND2<VR282, B, C>
RVR1=VRi81-YR1
RYR2=VYR2G2-YR2 .
IFCRYRL. LE. RYR2)G0 TO 2368
SHAB=SHARB~1

GO TO 2378

VR2=VRY

VR Z2Z=YR3I2

60 TO <2380, 2375, 27380, 2375), SHAR
CAlLL COND1 (VR1Z2, VR101, YR102, YR10S, VR112>
CALL CONDZCA. YRI12)

IF(YR1O1. LE. ¥YR312)> GO TO 2378
GO TO 2366

SHAR:=SHAR+2

GO TO 2150

YR2GZ-VR2

CALL COND2(VRZGZ. A R)

CALI. CONDZ{A. VRIS

IFC(YR262. LE. YRE12>G0 TO 2385
GO TO 2460 ' :
SHAR=SHRE+Z

GO TO 2200

SHFF= SHAB~2Z

CALCULATE VALUES UNDER CONDITION 4

CRLL CONDALCVRIZ, VRIL AL B, C)

CALL COND2YRZ: R, B

CRLLL COND™ VYR, YRLS

CRLL CVWILT CWYRZI2, VRL, VB2, YR3, YR1.2D
k=4

GO TO 2R66

JEOLHC. Fid, KOUNT+LOG0 TO 25600
T4:-DRTACL, THG-1 >

T& PHTACH 1M

VALAL DEHTRCG . THIC-L)

VAL S=LHTRC S, T

TG THC+A

Y VAL Z-VAL L

wWaTo=T10

SLF YR

VRS Y2

YFLIo-YRIZ

VR e NRRD

CHRLL CONPL YR SZ, VRLOL, VRELOR, VR16S, VP11 20
TR CORD O SWT H B
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CRLL COND3(A, VYR312) .
IFCVR1OL. LE. VR202)G0 TO 2500
IFCVR202, LE. VR312)G0 TO 2475
GO TO 2400
- 24735 SHRB=SHAB+2
G0 TO 2206
2508 SHAB=SHAB+1
IFCVR164. LE. VR312)G0 TO 2550
OD TO 2308
2558 SHAB=SHAB+2
GO TO 2158
2600 IFCIPNUM. EQ. 8)GD TO 2601 -
IFCK NE. 1PNUMYGO TO 2603
2681 IF(J-0UTI2583, 2602, 2682
2602 J=0
) " NRITE(E, 3008)T2, VRI2, VR1, VR2, VR12, VRY, SHAB
GO TO 2605
2682 J=J+4
2685 IFCVRI. LE. - .£-91)G0 TO 2620
G0 TO <(26i8.2758), IVRS
2610 PT2=T2
IVR9=2
TPHA=PT2-PT1
NUM=TPHA/. 4E~p4
NPHA=NPHA+NUN
GO TO 2?5a
2628 TIMID=ETIME-. 1E-2 .,
IFCT2 LT. TIMIDX>GO TO 2756
GO TO (2630, 264@), IVRS
2638 IFCINC. LT. KOUNT+1)GO TO 2758
PT2=T2
TPHA=PT2-PT1.
NUM=TPHR/. 4E-B4
NPHA=-NPHA+ UM
GO TO 2230
2648 PTi=T2
IVR9=1
IFCNACE. EQ. 0)NPHRA=1
NACC=NACC+1 '
2758 GO TD <(z160, ??a@. 2356, 24585, KOND
2808 CONTINUE
WRITE<CS, 3?@9)NPHR; NACC
3000 FORMAT(7:, 6CELR. 6, 6X), 5K, 12)
2108 FORMAT(11X, “TIME, 14X, 'VRZZ”, 14%, "VR1 7. 16X, "VRA’: 14X, “YR127, 14%, *V
2R97, 42X, “SWITCH R/B7//)
3708 FORMATC 87, 5%, “PHA = 7, I3, 18X, TACCUMUALATOR COUNT = 7, I3)
RETURN

ORIGINAL PAGE IS
OF POOR QUALITY
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SUBROUTINE COND1CVR22, VRL. VR2. VRS, VR12)

C REVISED 26 SEPT 1973 )

c

COMMON VCI, VC1, ¥C4, VCS, VCB, TC1, TC2, TC2, TC4. TCS, TCE, VALL, VAL2, X, SLP
REAL MR12, MR32

INTEGER 'VS1AB, VS2RB

V51A=-104YR32

YR32=CVAL1~VCT DSEXP(~TCA#X)+SL P#(1-EXPC~TCA4X) )/ TC1

VS1B=-18+VR32

VS1AB=1

IFCABSCVSAA). LT. 5. 8)G0 TO 200

VS1A=SIGNCS. 8, VS1A)

VSIAB=VS1AB+L

200 IF(ABS(YSIR). LT. 5. 83G0 TO 4ed

VYS1B=S1IGN(S. 8, ¥S1B>
YS1AB=VS1AB+2 -

488 GO TO (500, 6ha. 600, &80), YSIAB
508 YRi=. 95?83487E-2*(VCI-VﬁLi)*(TCi*EXP(—TCi*X)—TC2*EXP(-TC2*X))- 957

528

556
550

1884 87E-24SLP*EXP(-TC2#xXI=EXP(=TC1%¥ > )=VYCL+EXP (~-TC2%X)

YR2=VR1

IFCYR2. LT. -5. OO¥YR2=-5. 0

IFC(VYR2. GT. 5. BOVR2:=5. @

VE2ZR=VYR1?

VR12=VYR2

VaZB=VYR12

VS2RE=1

IFCABSCYS2AY. LT. . @XG0 TO G3a

YS2R=SIGNCD. &, YSZA)

VEZRB=YSZAB+1

IFCRBS(VEZR). LT, 5. 8260 TO 556

VYSZR=SIGNC(S. &, VS2R>

VS2BR=-YEZABR+2

GO TQ (566, 70, 570, 570, VSEAB

VRS=(VOE*E, IE-8~-YCdne, SE-c3+EXNP(~TC4x¥X ) 8. EIZE-640. 99517210+ (VCI-
2VAL 1 )% d, 4582388k EXNP (=TLLx¥)=3. 457629298+ ERP(~TC24X)+7. RB132E-4%
ZENRP =TCA#R) )~-10xSLF*(, FEOTIAET2AE-03x 1-EXP{(~TCL#X) h= O8749C27TEIE~
4O3x (I ~EXRP{~TC24R) 24+, G9B213800CE~03% (L=LEXF (~TCA*) 2 I~=VCA*( 3, SO14805
SERERP(=TC2HK )~ LASIQETCAZ#EEP ~TCAeX2 D /3 2301437350

GO TO 996

M1 2=VR2B-VSZRY /X

SUMA=CV0E4Z, ZF~8-Y044E, SF-E+YVEZA4E, EF -6 %EXP(~TCd*X) /6. BIZE-&
SLME=9, d52E-04biR L34 (I-EXNP(-TCA+ %))

YES: SUML+S0UMs

GO TO 260G

MREZ=(VELE-VE LAY AN

VRL: (VSLA=VEA P4 EXPC=TC2aRN 2 +MR220 (L =EXP (=T M 0 102

YR2: VR

IFCYR. LT, =5 BOVEI=«9 @

IFCVYR2. GT. 5. OVE2=0 @

VSER=VR1Z

VR 2=VE2

VoOrE=VRL2

VEZAHB= 1

IFCABRSOVE2AY, LT, S 0G0 TO A26
VEZP--SIGHCS, @, VS2A»
VEZRE . YEZHE+L

FXD IR CHESOMSIRY. LT, G 0060 TO 650

VEPE: S TONCS, G, VEZEY
VEF AR =S HqR

NG GOOTO Sy, TV BP0 BV, VSRR
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660 SUNB-1.46§48602QES*(3.3E—8*VCB—6.3€—6*VC4)*EXP(-TC4*X)

SUMd=2. 930321 408E-04x(VS1A-VC1 ) e (TC2#EXP(~TC2¥X)~TCA+EXP(=TCd»X) )
SUMS=2. 9303214085—04*HR32*(EXP(-TC4*X)-EXP(-TC2*K))
YRI=SUMI+SUM4+SUMS .

GO TO %96 *

568 CONTINUE

RETURN
END
SUBROUTINE COND2(YR2, VRS9, YR12)

€ REVISED 26 SEPT 1975 .

c

C

COMMON VCI. VC1, VC4, VTS5, VC8, TC1, TC2, TC3. TC4. TCS. TCE, VALL, VAL2, X, SLP
REAL MR12, MR32

INTEGER VS2AB

VR2=5%(1-EXP{~TC#X) I+YRHEXP (~TC3*X)

IFCVR2. LT. -5. 8)VR2=~5. @

IF(VR2. GT. 5. 9)VYR2=5. @

156 GO TO (200, 268, 280, 268), VS2AB
200 VRI=(YCE*3. ZE-B-VC4*5, BE~E)*EXP (~TC4%X) /6. 833E-6-0. 9951?*(VR2*(TC4

AREXP (~TC4#X>=TCI*EXP (~TC3*X) )/4. II7S516846E4+5. 816661 914*EXP(~-TC2*»
2XI-EXP(-TCHxX>)>)
GO 7O See

300 MR12=(YSZ2B-VYS2AX/K’

SUML=CVCB*Z, 2E~B8-VC4*E, SE-S+VYSZRYE, BE~6I#EXP(~TC4%X) /6. 833E~6
SUN2=9, 452E~F*MRL2%1-EXP(~TC4%X)>

=SUML+SLM2
CONT INUE
RETURN
END
SUBROUTINE CONDI(VYRS, YR12)
COMMON VYCI. V01, ¥4, VO3, VCE, TCL, TC2, TC3, TC4, TCS, TCE, VARLL, VAL2, X, SLP
SUMR=(TCSAEXP{=TCO* X )=TCEAEXP(~TCEXRXD D /2. 195152128E4
SUMB=(EXP(—TCERM)I~EXNPL-TCO*X) 3 /2. 195153123E4
VYRAZ=(YCA+VCRI+SUMA+. 21880741 22ESHVCA+SUMB
VRO=VUSHSUMA+Z, 228163982 E7*(V(E»3, JE~8-VC4+35, SE~A)*SUMB
RETURM
END
SUBROUTINE CYOLTIVRR2, VR1, VRZ: VRS, VR12)

L]

C REVISED 24 SEPT 1575

c

COMMON VYC1, VL1, VC4, YOS, VCR, TCL, TCZ, TCX, TC4, TCS, TCE, VALL, VALLZ, ¥
VCI=VAL2-VYRZZ
VSiR=-10YRZZ

IFCYSIER. LT, =5, B0VSik=~5 6
TFOVSAE. 6T, S AOVSIR-5 @
VCE=VSIR-Vi1

WLD=VYRZ

YWC4=VYR1Z-VED

VO Ee VRS

RETLUIRH

END

ORIGINAL PAGE IS
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A.3 P5072INT DATA SELECTION PROGRAM
A.3.1 Summary

The sensor and electronics model programs produce sets of data for
particles on particular paths. These data sets include all types of events
in random order for a particular sensor and path. The data selection program
was prepared to allow selection of all particles giving a particular response
or combination of responses. The range of particles obtained can then be cor-
related with the lunar data for that response or combination of responses,
thereby giving important data for the formation of hypotheses regarding particle
sources and transport theory.

The program selects the responses to be analyzed by referencing a code
inserted on an input card. The output can be selected as either a printed
listing or a CalComp plot.

A.3.2 Description

The type and number of selections are read from a data card. This card
defines the type of event to be selected, the velocity of the particles of in-
terest, whether or not the data are to be plotted, the data set reference number
of the data to be analyzed, and the number of data sets to be recorded per list/
plot.

If a 1ist is desired, the headings are written out; if a plot is re-
quired, a card is read which defines the size of the axes and scales. The data

required by the plotting routine to set up the axes and titles are then produced.
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The.data set to be analyzed 1s read from tape a record at a time, and
each record is analyzed for conformance with the characteristics selected on the
input card and either plotted, 1isted, or rejected. When all records from that
data set are analyzed, a check is instituted to determine if more than one event
type is to be plotted or listed on the one output medium or whether more analyses
are to be performed.

The selections available are as follows.

The variable KIND, of dimension 8, selects the options by setting a 1
in the respective array member corresponding to the item number below:

1. A1l PHA events listed or plotted.

2. Coincident film and collector grid events.

3. Film only events.

4. Multiple accumulator events.

5. Multiple, adjacent, film events.

6. Multiple, adjacent, grid events.

7. Multiple, nonadjacent, film events.

8. Multiple, nonadjacent, grid events.

The desired sensor and the east sensor shielded film are selected by data
set reference number. Particular velocities or all velocities are selected by
the velocity parameter on the input cards. If all velocities are required, VEL
is set to zero. The plotted output symbol is related to IK, which indicates the
selection code. IK is a combination of the codes listed in KIND, i.e., 1 to 8

for single plots or 24, say, for coincident, multiple accumulator events.
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A.3.3 Method of Use

Three input data cards are required if a plot of the data is requested;
if a printed 1ist is requested, the third card must be omitted.

The first card data requirements are:
Column Requirement
1-8 KIND; Place 1 in the positions corresponding to the desired options.
9-15 VEL: the velocity of the desired selections. If all velocities are

required, leave colums blank (Format F7.2).

16 LOP: Insert a 1 if a plot is desired, otherwise leave blank.

17-18 IDSR: Input data set reference number (Format 12); from JCL card.

19-22 IK: Code indicating type of selection for titles and plot symbols,
e.g., 1 through 8 for single selections or 24 for coincident multiple
accumulator, etc. (Format I4).

23-24 NDSPP: Number of data sets to be recorded/plotted. If more than one
data set or selection is to be recorded on the same list or plot,
another card identical to card 1 is required with columns 23 and 24

blank.

The second card requires an alpha-numeric title in the first 28 columns.

This title is used ir both the plotted and printed outputs.

The third card is identical to card two in program P5072SGF. A data

tape is required which carries the results from program P5072SGF.

The program will repeat for each additional set of cards.
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A.3.4 Flow Charts and Program Listings
A flow chart of the program is shown in Figure A-3 and a program 1isting
is provided on pages A-83 through A-84.
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PS5027INT

i

DIMENSION TITLEC(?), KIND(8)
RERL. M

RERD(S, 110, END=500>KIND, VEL., LOP, IDSR, IK. NDSPP

FORMATCRIL, F7. 2, T4, 12, 14, 1
READCS, 12053TITLE

HRITECE, 1240TITLE

FORMAT (PR

FORMAT (2K, 7A4)

2

NRITECS, 2705 IDSR, VEL, IK. NDSPP

J=6
IF(LOP. EQ. @GO TO 196

DEFINE PLOT AXES AND TITLES
READCS: 1320)GRG, GMN, GFR. GCON; WRG: WMN. WFR, WCON. AXLER, AKLEM
FORMATCZC2F 1. 2, EB. 2, F16. 85, ZF4. 25
NRITECE, 188XQRG, AMN, GFR, QCON, WRG, WMMN, WFR. WCON. AXLEG, AYLEM
FORMAT (28X, 2(2F4. 2, ES. 2, F10. 8>, 2F4. 2> ’

128

1396
148

T CALL SYMEDL(3%9. , 9
S CALL SYMBOL 993 , 9953, ,, 44,

CALL PLOTSCIBUF, 10066, 62
CALL PLOTCL. @, 1. 6, -3
CYC=2. 20259+1CON
DTV=1/CYC

CALL LGARAXISCA. 8, 8. &, SH-LN M, -5, AXLEM. 8. 6, WFR. DTV

CYC=2. 20253+QC0N
DTV=1/CYC

CALL LGARKXKISCA. 8, 6. @, SH-CN Q. 5, AXLEQ, 90. , GFF, DTV

YAX=AXLEQ+E. 5

CARLL SYMPOL(6. 5, YAK, . 14, ASHYELOCITY (M/S) , 6.8, 15)

IFCVEL. EC. & 6060 TO 115

CALL NUMRERCSSS , 999, , . 14, VEL, 6. @, -1)

GO TO i2%h

Y= IK

999, .. 14, GH HLL

23

. 8.8, 5

DATA SELECT CODE , 8. 9, 280

fALL NUMBERCSSS, , 995, , . 44, YK, @, 6, =10

PHRSYRX-8, 25

CARLL SYMBEOL Q. 5, VaX. . 14, TITLE. 0. 8. 285

GO TO 266
MRITECE, 146)

FORMAT 22K, “YFLODTTY ) 144, "CHARGE S, 13X, "MA557, 10X, *GRID
LM I, 54,
SELECT DATR FECUIREDR BY

COPHRT S . RCCS

IS

INFUT CODES

286 READC ISR, EMD-Z500 $VEL, 6, M, IGTOT, TFTOT, NFHA. NACT

240

Feit

"_.-r i

IFCWEIL, BD 6, QG0 TO 240
IFCAVEL, HIR. WEL DGO TO 266
IFCRTMDCY Y FOL 42060 TO
IFCKIMbsCy « 0 @060 TO
TFCTOTON, Fin Dy TO 26
TRORTIHD S FQL eahaly T 2 a0
IFCTOGTUY, T, #0060 T00 206
TFCETHD o Ry praGl) 100 ekl
TFONECC LT 2000 TO S0
O THEe e Frl @060 To 28R
IFCYFTOT FD 2060 T 6
IFCTFION RO meGle T 2onm
TRCTETON, FO i 10 2aa
TECYRTOOE By oLl The "t
IFCYETOT B Aot 0 e
VECTRETOT, B0y A0sis0 T 20
[RU I N e ¥

IFCbTH e D I @0 TR S
JECTOTOT Fon il T S

ettt
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IFCIGTOT. €. 65GO TO 260
IFCIGTOT. EQ. 260 TO 266
IFCIGTOT. EQ. 12>G0 TO 260
IFCIGTOT. EQ. 14>G0 TO 260
IFCIGTOT. EQ. 15>G0 TO 2606

- GO TG z0e

IFCKINDC?). EQ. 8)G0O TO 270
IFCIFTOT. EQ. $5>G0 TO 278
IFCIFTOT. EQ 5)G0 TO 270
IFCIFTOT. EQ. 10)G0 TO 276
GO TO 208
IFCKINDC®). EQ. @)>G0 TO 28@
IFCIGTOT. EQ. 53G0 TO 280
IFCIGTOT. EQ. 95G0 TO 286
IFCIGTOT. EQ. 162G0 TO 2806
GO TO 200

CONTINUE

IFCLOP. EQ. @0GO TO 200

PREPARF. TO PLOT PHA DRTA

PHR=NPHA

VAL =ALOGCRD
QSV=QVAL/(~GFR>
RAND=AL.OGC(ASY)
RANDG=RAND*QCON
MYAL=ALOGCMD
WSY=NVAL A/ C~HFR>
RAHD=FA' OGCHSV)
RANGHM=RANDAWCON

C PLOT PHA DRTA

C

INTEQ=IK

IF(IK. GT. 8% INTER=0

CALL SYMBOL ¢(RANDM, RANDQ, . 64, INTEQ, 8. 6, ~1)
CALL HUMBER(9399. , 999, ,. 67, PHRA. 0. @, -1)

GO TO =06
LIST DATH
za@ MRITE 5, 1662 $VEL, 6. M, IGTOT, TFTOT, NFHA, MACC
60 FORMAT 2L, ZCRLG, 4, 8%, 14, 109, 14, 11%, 172, 9%, 13
GO TGO 266
350 REWIND IDSR
J=J+
IFCT. EQ NDSFRPIGD TO 466
FEADCS, 110, FHD=¢0R L THD, VEL, LOF, IDSE, IK
WRITECH, 3702 105K, YEL, 1K
GO TO 6w
76O FORMATOSA, "DATA SET = 7, 1% 5% "VEL = 7, F7. 2.5, “SELECTION = 7, 2143
403 CONTTHUE
JFCLOF. EO. ADGO TO 456
CHLL SYMROL<20. . 6. 6, 44, 11, 5B 0, =1
CALL SYMROL CIf. , 10, , . 14. 44, 8 0, -2
CALL FLOTC Rz , =1, =30
456 GO TO 100
CE COHT THUE
IF L, B, G0 TO 518k
CALL PLOTCO,, 6, ..99>
A6 COHT FHUE
N T Fiva
FROE MRTTE R, L7 .
ATH FORMAT 2, P INSURFICTENT DATA CHRD- )
7ot LM THUE
END

CRIGINAL PAGE 18
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